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(54) POWER GENERATION METHOD AND POWER GENERATING APPARATUS 



(57) A method and an apparatus for power genera- 
tion, by which high-efficiency power generation is 
achieved by utilizing a boiler-oriented fuel such as inex- 
pensive coal, heavy oil and waste plastic, and by further 
utilizing a gas-turbine-oriented fuel in some cases, with- 
out exerting bad effects on the environment, at low 
equipment cost. In the apparatus, first, the boiler-ori- 
ented fuel is separated into a distillate and a residue by 
partial processing. The distillate (in some cases, with a 
gas-turbine-oriented fuel) is supplied to a gas turbine to 
generate electric power. Further, a combustion exhaust 
gas discharged from the turbine is supplied to a boiler. 
Then, the residue (in some cases, with a boiler-oriented 
fuel) is burned to obtain steam. Further, electric power 
is generated by the steam. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

[0001] The present invention relates to a method and 
an apparatus for power generation, wherein a boiler-ori- 
ented fuel, such as coal and heavy oil is separated into 
a distillate and a residue by performing partial process- 
ing, and subsequently, a gas turbine fuel obtained from 
the distillate or a combination of the gas turbine fuel and 
another gas-turbine-oriented fuel is supplied to a gas 
turbine, the gas turbine fuel and the gas-turbine-ori- 
ented fuel are burned to generate electric power, on the 
other hand, a boiler fuel comprising the residue or a 
combination of the residue and the boiler-oriented-fuel 
and/or other boiler-oriented fuels are supplied to a 
boiler, these fuels are burned to generate steam, and 
power is generated by means of a steam turbine. The 
present invention further relates to a power generation 
method and apparatus for burning an exhaust gas again 
wherein an exhaust gas discharged from a gas turbine 
is supplied to a boiler and is utilized for burning boiler 
fuel. 

[0002] There have been three kinds of power genera- 
tion methods of converting energy produced by com- 
bustion into electrical energy through a motor such as a 
turbine, namely, a first method of generating electric 
power by means of a boiler and a steam turbine; a sec- 
ond method of generating electric power by means of a 
gas turbine; and a combined cycle method using the 
combination of the first and second methods. 
[0003] In the method for generating electric power by 
means of a boiler and a steam turbine, fuel oil, crude oil, 
residue oil or coal is used as a fuel. Further, electric 
power is generated by driving the turbine by using 
steam of high-temperature and high-pressure produced 
by the boiler. However, the thermal efficiency is rela- 
tively low, namely, 38 to 40 %/HHV basis (HHV: Higher 
Heating Value; the thermal efficiency of power genera- 
tion is expressed on HHV basis, unless otherwise spec- 
ified). 

[0004] Further, in the method using the gas turbine, 
liquefied natural gas (LNG), kerosene (or kerosine) or 
light oil (gas oil) is used as a fuel. Furthermore, the fuel 
is burned in compressed air, and then burned by heat- 
ing the compressed air by combustion heat. Electric 
power is generated by driving the gas turbine by the pro- 
duced high-temperature and high-pressure gas. 
Although the thermal efficiency in this case is 20 to 35 
%, the temperature of the exhaust gas discharged from 
the gas turbine is high, for example, 450 to 700 °C and 
thus, the heat of this gas can be utilized. 
[0005] Furthermore, in the case of using air-cooled fin 
turbine, the gas temperature can be raised to 1300 to 
1500 °C. Thus, the efficiency of power generation can 
be enhanced. Consequently, the. exhaust gas can be 
utilized more effectively. 



[0006] In the case of the combined cycle power gen- 
eration method which is the combination of these power 
generation methods, LNG is used as the fuel Electric 
power is generated by burning the fuel in compressed 
air and driving the gas turbine by the use of the high- 
temperature and high-pressure gas. Further, the 
exhaust gas is supplied to a heat recovery boiler to pro- 
duce steam. Thus, the method of generating electric 
power by using the steam turbine is performed. Conven- 
tional gas turbine features high heat efficiency of 46 to 
47 %. Therefore, when a facility is newly established 
due to superannuation of the power generation facility, 
or when the increase of the ability of power generation 
by utilizing the existing facility is necessary, new facili- 
ties adopting the combined cycle power generation 
method by which high heat efficiency can be obtained 
have been constructed. 

[0007] However, in the case of the combined cycle 
power generation method using LNG, the storage of the 
fuel, namely, LNG costs very much, and a problem in 
supplying LNG may occur. 

[0008] Western countries have the experience of 
using crude oil and residue oil in addition to LNG and 
light oil as the fuel for a gas turbine. However, many 
troubles have occurred owing to impurities contained in 
crude oil and residue oil. Further, it is pointed out that 
the maintenance cost has amounted up to a larger sum 
in comparison with that in the case of using light oil and 
LNG. Incidentally, it is desirable that the contents of 
impurities in the fuel used in the gas turbine are limited 
as follows: a sum of a sodium content and a potassium 
content is not more than 0.5 ppm by weight; and a vana- 
dium content is not more than 0.5 ppm by weight Espe- 
cially, a sodium salt component, a potassium salt 
component and a vanadium component affect one 
another. This results in drop of the melting point of metal 
used as the material of each blade of the gas turbine, 
and causes ash component to adhere to the blades. 
[0009] On the other hand, in the case of thermal 
power generation, coal and heavy oil reserved in the 
nature in abundance are used as the raw fuel, in addi- 
tion to petroleum and LNG. Further, it has been studied 
how the raw material and fuel are effectively used. For 
instance, integrated gasification combined cycle (IGCC) 
power generation, by which a furnace of the entrained 
(flow) bed gasification type is used as a gasification fur- 
nace and the net thermal efficiency of about 43 to 47 % 
is obtained, has been studied. However, in the case of 
such techniques, it is necessary for utilizing coal and 
fuel oil in the combined cycle power generation method 
to convert the raw fuel into gas once and further refine 
the obtained gas. 

[001 0] Method of gasifying all of raw fuel has encoun- 
tered the problems that excessive facilities are needed 
for pre-treatment of raw fuel, that a special type gasifica- 
tion furnace and a special type boiler to be combined 
with this gasification furnace are necessary, that operat- 
ing conditions are severe, that as a result of gasifying all 
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of the raw fuel, the quantity of the produced gas is large, 
that excessive facilities are needed for dust removal and 
purification of a gas, that the treatment of the remaining 
molten ash is needed, and that even a fuel to be used in 
a steam turbine is gasified and the obtained gas is puri- 
fied. 

[0011] Journal of Engineering for Gas Turbines and 
Power, vol. 118, October, 1996. p. 737 discloses the 
technique of a combined cycle power generation by 
which coal is gasified at high temperature in the pres- 
ence of oxygen and water vapor, and in which the 
obtained gas is supplied to a gas turbine and is burned 
therein and subsequently, power generation is per- 
formed by driving the gas turbine by the use of the gen- 
erated high-temperature combustion gas, and further, 
power generation is also performed by supplying char, 
which is left after the gasification of the coal, to a f luid- 
ized bed boiler, and by burning the char and driving a 
steam turbine by generated steam. 
[0012] This technique, however, has the problem in 
that ingredients, such as Na salt, K salt and V com- 
pound, which corrode the turbine blades, are frequently 
included in the gas, because the gasification tempera- 
ture is not lower than 1000 °C, and thus there is the 
necessity for eliminating these ingredients. This tech- 
nique further has the problem in that because a system 
constituted by the combination of a gasification device, 
a gas turbine and a fluidized bed boiler is peculiar, the 
extensive adjustment of the facility is needed in applying 
this technique to a boiler provided with a radiation heat 
transfer surface and a convention heat transfer surface, 
such as the existing boiler/steam turbine system, and 
thus, practically, this technique is subject to the con- 
straint that this technique can be applied for establishing 
a new facility. This technique further has the problem in 
that the purification of the gas obtained at high temper- 
ature should be performed at low temperature and there 
is a great loss of energy, and that the cost of the entire 
facility becomes excessive. 

SUMMARY OF THE INVENTION 

[001 3] An object of the present invention is to achieve 
power generation with high efficiency by using an inex- 
pensive boiler-oriented fuel with low availability, which is 
a fuel that cannot be utilized for a gas turbine but can be 
utilized for a boiler, thereby effectively utilizing the fuel. 
[001 4] Further, another object of the present invention 
is to provide a method by which the cost of a facility is 
low and exert little bad influence on the environment. 
[0015] Moreover, still another object of the present 
invention is to provide a method and a facility, which is 
placed in juxtaposition with a fuel source such as a 
petroleum refining facility, for generating electric power 
by effectively utilizing a fuel at low cost. 
[001 6] The inventors of the present invention assidu- 
ously studied the power generation using various Kinds 
of fuels. As a result, the inventors have found the follow- 



ing facts. Namely, first, the properties, quality, yield and 
heat-quantity of the distillate have been found to be suit- 
able for a fuel to be used in a gas turbine by separating 
an inexpensive and low-available boiler-oriented fuel 

5 such as coal, crude oil and heavy oil into distillate and 
residue by appropriately performing a partial processing 
such as stripping, distillation, thermal decomposition, 
carbonization, microwave irradiation, partial water-gas 
gasification or partial combustion gasification. Similarly, 

10 the properties, quality, yield and heat-quantity of the 
residue have been found to be suitable for a fuel to be 
used in a boiler. Further, the amounts of the distillate 
and residue have been found to be suitable for a com- 
bined cycle power generation which is a combination of 

15 the gas turbine power generation and the steam turbine 
power generation. Moreover, power generation was 
achieved with high efficiency at low cost by means of 
low-expense equipment by generating electric power 
through a gas turbine by adopting the distillate singly or 

20 the combination of the distillate and a gas-turbine-ori- 
ented fuel as a gas-turbine fuel, and furthermore, by 
generating electric power through a steam turbine by 
adopting the residue singly or the combination of the 
residue and a boiler-oriented fuel as a boiler fuel and 

25 generating steam. Additionally, the power generation 
was attained with higher efficiency as a result of re- 
burning in a boiler by supplying the gas-turbine exhaust 
gas to the boiler. Further, the power generation was 
conducted efficiently by utilizing the fuel derived from a 

30 petroleum refining facility effectively as a result of using 
a surplus gas-turbine-oriented fuel obtained from this 
facility, using a boiler-oriented fuel produced in the 
same facility, and burning them in a boiler. Thus, the 
inventors accomplished the present invention. 

35 [0017] Namely, in a first embodiment of the present 
invention, there is provided a power generation method 
that comprises the steps of: separating a boiler-oriented 
fuel (F) into distillate (D) and residue (R) by performing 
partial processing of the boiler-oriented fuel (F); adopt- 

40 ing a fuel for a gas turbine (G) obtained from the distil- 
late (D) singly, or a mixture of the fuel for a gas turbine 
(G) and a gas-turbine-oriented fuel (G ) as a gas turbine 
fuel (A); adopting the residue (R) singly, or a mixture of 
the residue (R) and at least one chosen from a group 

45 consisting of a boiler-oriented fuel (F) and another kind 
of a boiler-oriented fuel (F^ as a boiler fuel (B); generat- 
ing electric power by burning the gas turbine fuel (A) in 
a gas turbine and by driving the gas turbine; and gener- 
ating electric power by burning the boiler fuel (B) in a 

so boiler and by driving a steam turbine by use of produced 
steam. 

[001 8] Thereby, a fuel suitable for use in a gas turbine 
and a steam turbine are obtained efficiently from inex- 
pensive or low-available boiler-oriented fuel, namely, a 
55 fuel which can be utilized in the boiler but cannot be uti- 
lized in the gas turbine, such as coal and heavy oil. Fur- 
ther, various kinds of inexpensive or low-available 
boiler-oriented fuels can be used by being combined 
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with diverse kinds of gas-turbine-oriented fuels. Thus, 
the sphere of utilization of the fuels can be expanded. 
Moreover, from the environmental pollution view point 
as well as the economical view point, the power gener- 
ation is efficiently achieved by selecting optimal fuels. 
Electric power is generated by using such fuels. Conse- 
quently, as compared with the case of using a boiler-ori- 
ented fuel (F) as a boiler fuel (B), the efficiency of power 
generation is drastically improved. 
[001 9] Further, in an embodiment (hereunder referred 
to as a second embodiment) of the first embodiment of 
the present invention, the boiler fuel (B) is burned again 
by supplying a gas-turbine exhaust gas to the boiler. 
[0020] Thus, the residue can be burned by utilizing the 
quantity of heat remaining in the gas-turbine exhaust 
gas and further utilizing residual oxygen whose amount 
is 10 to 15 %. Consequently, the efficiency of power 
generation can be increased to about 46 %. 
[0021] Moreover, in another embodiment (hereunder 
referred to as a third embodiment) of the first power 
generation method of the present invention, power gen- 
erating vapor is generated by supplying a gas-turbine 
exhaust gas to a heat recovery boiler, and the boiler fuel 
(B) is burned again by supplying the exhaust gas dis- 
charged from the heat recovery boiler to the boiler. 
[0022] Thus, the power generating vapor can be gen- 
erated by utilizing the remaining heat of the gas-turbine 
exhaust gas. Further, the residue can be burned by uti- 
lizing the quantity of heat remaining in the exhaust gas 
of the heat recovery boiler and further utilizing residual 
oxygen whose amount is 10 to 15 %. Consequently, 
high efficiency of power generation is achieved. 
[0023] Furthermore, in another embodiment (hereun- 
der sometimes referred to as a fourth embodiment of 
the present invention) of one of the first to third embod- 
iments of the present invention, the partial processing is 
partial separation processing which comprises at least 
one selected from a group consisting of topping, flush- 
ing, distillation, extraction, decantation. 
[0024] Thus, as is understood from this, various kinds 
of practical partial separation processing methods for 
the boiler-oriented fuel can be used actually. 
[0025] Additionally, in another embodiment (hereun- 
der sometimes referred to as a fifth embodiment of the 
present invention) of one of the first to third embodi- 
ments of the present invention, the partial processing is 
partial decomposition processing which comprises at 
least one selected from a group consisting of thermal 
decomposition, carbonization, water-gas gasification, 
combustion gasification, hydrogenation, liquefaction 
and microwave irradiation. 

[0026] Thus, it is understood that diverse kinds of 
practical partial separation processing methods for the 
boiler-oriented fuel can be used actually. 
[0027] Further, in another embodiment (hereunder 
sometimes referred to as a sixth embodiment of the 
present invention) of the fourth or fifth embodiment of 
the present invention, the partial processing is per- 



formed at a temperature in a range of 250 °C to 500 °C. 
[0028] Thereby, the distillate can be obtained ther- 
mally advantageously. Moreover, the impurities such as 
Na, K, Ca and V contained in the distillate can be 

5 reduced considerably. 

[0029] Moreover, in another embodiment (hereunder 
sometimes referred to as a seventh embodiment of the 
present invention) of one of the first to sixth embodi- 
ments of the present invention, the ratio of heat-quantity 

10 of the distillate (D) to the residue (R) is 20-60 % to 80- 
40%. 

[0030] Thus, the distillate having a quantity of heat, 
which is suitable for the exhaust-gas re-burning com- 
bined cycle power generation, is obtained economically 
is from the boiler-oriented fuel. Further, the power genera- 
tion can be attained with high efficiency by re-burning by 
way of an exhaust gas wherein the distillate is used as a 
fuel for a gas turbine and the residue is used in the 
boiler. 

20 [0031] Furthermore, in another embodiment (hereun- 
der sometimes referred to as an eighth embodiment of 
the present invention) of one of the first to seventh 
embodiments of the present invention, at least a gas 
component (V) and an oil component (O) are separated 

25 from the distillate (D), and further, the gas component 
(V), the oil component (O) or a combination of the gas 
component (V) and the oil component (O) is used as a 
fuel for a gas turbine (G). 

[0032] Thus, moisture component and impurities dis- 
30 solving thereinto can be prevented from being mixed 
into the gas-turbine fuel. 

[0033] Additionally, in an embodiment (hereunder 
sometimes referred to as a ninth embodiment of the 
present invention) of the eighth embodiment of the 

35 present invention, the oil component (O) is separated 
into refined distillate (C) and distilled residue (R'j by dis- 
tilling the oil component (O). Further, the refined distil- 
late (C) is used as a fuel for a gas turbine (G), and the 
distilled residue (R*) is used in a boiler. Thus, a gas tur- 

40 bine fuel, which hardly corrodes turbine blades of the 
gas turbine even when operated for a long time period, 
can be obtained from the distillate, which is obtained 
from any kind of boiler-oriented fuel. In the case that the 
distillate contains small quantity of impurities initially, 

45 the weight percent of the impurities can be further 
reduced. 

[0034] Further, in an embodiment (hereunder some- 
times referred to as a tenth embodiment of the present 
invention) of the eighth or ninth embodiment of the 

so present invention, the gas turbine fuel (A) contains a 
sodium component and a potassium component, the 
total weight ratio of these components being not more 
than 0.5 ppm by weight, and further contains a vana- 
dium component, the weight ratio of vanadium being not 

55 more than 0.5 ppm by weight. 

[0035] Thus, because a sum of Na-content and K-con- 
tent is not more than 0.5 ppm by weight, and further V- 
content is not more than 0.5 ppm, even if the gas turbine 
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is continuously used for a long time period, the turbine 
blades and so forth are hardly corroded. 
[0036] Furthermore, in an embodiment (namely, an 
eleventh embodiment of the present invention) of one of 
the eighth to ninth embodiments of the present inven- 
tion, the gas component (V) is burned by a gas turbine 
for burning gas, and on the other hand, the oil compo- 
nent (0) or the refined distillate (C) is burned by a gas 
turbine for burning oil. 

[0037] Thus, the gas-turbine power generation can be 
performed by burning the gas component and the oil 
component efficiently and stably. 
[0038] Moreover, in a twelfth embodiment of the 
present invention, there is provided a power generation 
apparatus which comprises: partial processing means 
for separating a boiler-oriented fuel (F) into distillate (D) 
and residue (R) by performing partial processing of the 
boiler-oriented fuel (F); a gas turbine to be driven by 
burning a gas turbine fuel (A) as described in the first 
embodiment of the present invention; a power generator 
for the gas turbine, which generates electric power by 
using the driven gas turbine; a boiler which generates 
steam by burning the boiler fuel (B) as described in the 
first embodiment of the present invention; a steam tur- 
bine which is driven by generated steam; and a power 
generator for the steam turbine which generates electric 
power by the driven steam turbine. 
[0039] Thus, a fuel suitable for use in the gas turbine 
and the steam turbine are obtained efficiently from inex- 
pensive or low-available boiler-oriented fuel such as 
coal and heavy oil, and can be used for generating elec- 
tric power. Further, various kinds of inexpensive or low- 
available boiler-oriented fuels or diverse kinds of gas- 
turbine-oriented fuels can be used. Consequently, the 
sphere of utilization of the fuels can be expanded. More- 
over, from the environmental or the economical view 
point, the power generation is efficiently achieved by 
selecting optimal fuels. 

[0040] Further, an embodiment (namely, a thirteenth 
embodiment of the present invention) of the twelfth 
embodiment of the present invention is further provided 
with an exhaust gas supplying means for supplying a 
gas-turbine exhaust gas to the boiler. 
[0041 ] Thus, the residue can be burned by utilizing the 
quantity of heat remaining in a gas-turbine exhaust gas 
and further utilizing residual oxygen whose amount is 
10 to 15 %. Consequently, the power generation can be 
performed with the efficiency of power generation of 
about 46 %. 

[0042] Furthermore, an embodiment (namely, a four- 
teenth embodiment of the present invention) of the 
twelfth embodiment of the present invention are further 
provided with: a heat recovery boiler for supplying a 
gas-turbine exhaust gas to generate vapor for generat- 
ing power; and an exhaust gas supplying means for 
supplying a heat-recovery-boiler exhaust gas to the 
boiler. 

[0043] Thus, the vapor for generating power can be 
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generated by utilizing the remaining heat of the gas-tur- 
bine exhaust gas. In addition, the residue can be burned 
by utilizing the quantity of heat remaining in exhaust gas 
discharged from the heat recovery boiler and further ut- 
5 lizing residual oxygen whose amount is 10 to 15 %. 
Consequently, high efficiency of power generation is 
achieved. 

[0044] Further, in accordance with the present inven- 
tion, there is provided another power generation method 

10 (hereunder referred to as a fifteenth embodiment of the 
present invention) that comprises the steps of: placing 
the power generation apparatus of the present invention 
in juxtaposition with a facility in which a gas-turbine-ori- 
ented fuel and a boiler-oriented fuel are available at one 

is place; supplying the gas-turbine-oriented fuel to a gas 
turbine and then burning the gas-turbine-oriented fuel 
therein; generating electric power by driving the gas tur- 
bine by using a combustion gas for driving which is gen- 
erated by burning the gas-turbine-oriented fuel; 

20 supplying the boiler-oriented fuel to a boiler and burning 
the boiler-oriented fuel therein by using an exhaust gas 
discharged from the gas turbine; and generating electric 
power by driving a steam turbine by using generated 
steam. 

25 [0045] Thus, the power generation can be achieved 
with good efficiency by effectively utilizing off-gas and 
tar, without newly establishing a partial processing facil- 
ity. 

[0046] Further, in an embodiment (namely, a sixteenth 
30 embodiment of the present invention) of the fifteenth 
embodiment of the present invention, the facility is 
selected from a group consisting of an oil purification 
plant, a steelmaking plant, a chemical plant and a com- 
plex which comprises at least one selected from the oil 
35 purification plant, the steelmaking plant and the chemi- 
cal plant. 

[0047] Thus, large quantities of the gas-turbine-ori- 
ented fuel and the boiler-oriented fuel can be efficiently 
utilized in power generation without being discharged 
40 and transported to the environment in comparison with 
the case of burning such fuels in the boiler simply. 
[0048] In accordance with the present invention, there 
are further provided the following methods and appara- 
tuses. 

45 [0049] Namely, first, there is provided a power gener- 
ation method that comprises the steps of: separating a 
boiler-oriented fuel into distillate and residue by per- 
forming partial processing of the boiler-oriented fuel; 
adopting the distillate as a gas turbine fuel; adopting the 

so residue as a boiler fuel; supplying the gas turbine fuel to 
a gas turbine wherein the gas turbine fuel is burned; 
generating electric power by driving the gas turbine by 
using a combustion gas generated by burning the gas 
turbine fuel; supplying the boiler fuel and a boiler-ori- 

55 ented fuel to a boiler wherein the boiler fuel and the 
boiler-oriented fuel are burned; and generating electric 
power by driving a steam turbine by the generated 
steam. 
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[0050] Further, there is provided another power gen- 
eration method that comprises the steps of: separating 
a boiler-oriented fuel into distillate and residue by per- 
forming partial processing of the boiler-oriented fuel; 
adopting the distillate as a gas turbine fuel; adopting the 5 
residue as a boiler fuel; supplying a gas-turbine-ori- 
ented fuel and the gas turbine fuel to a gas turbine 
wherein these fuels are burned; generating electric 
power by driving the gas turbine which is driven by com- 
bustion gas for driving generated by burning the fuels; 10 
and supplying the boiler fuel and a boiler-oriented fuel 
to a boiler wherein these fuels are burned; and generat- 
ing electric power by driving a steam turbine by the use 
of produced steam. 

[0051 ] Moreover, in the case of an embodiment of the 15 
aforementioned power generation methods of the 
present invention, the boiler-oriented fuel (F or F') is a 
fuel selected from a group of coal, poorly graded coal 
whose volatile matter is not less than 20 % by weight, 
char, coke, fuel oil, residual oil, pitch, bitumen, petro- 20 
leum coke, carbon, tar sand, sand oil obtained from tar 
sand, oil shale, shale oil obtained from oil shale, Ori- 
noco tar, orimulsion which is aqueous suspension of 
Orinoco tar, asphalt, asphalt emulsion (namely, emulsi- 
fied asphalt), petroleum-oil mixture (COM), coal-water 25 
mixture (CWM), coal-methanol slurry, mass resulted 
from naturally occurring substances, such as wood, 
grass, fats and oils or press cake, waste plastic, com- 
bustible refuse, and a mixture of these substances. 
[0052] Furthermore, in the case of an embodiment of 30 
the aforementioned power generation method of the 
present invention, the gas-turbine-oriented fuel (G 1 ) is a 
fuel selected from a group of hydrogen, methane, 
ethane, ethylene, propane, propene, butane and the 
like, butene and the like, hexane and the like, heptane 35 
and the like, methanol, ethanol, propanol, butanol, 
dimethyl ether, diethyl ether, LNG, LPG, naphtha, gaso- 
line, kerosene, light oil (gas oil), heavy-oil decomposi- 
tion component whose boiling point at the atmospheric 
pressure is not higher than 500 °C, natural gas, coal 40 
bed methane, landfill gas, blast furnace gas, coke oven 
gas, converter gas, by-product gas which is derived 
from a chemical plant and contains hydrogen, coal or 
heavy-oil gasification gas (namely, gas obtained by the 
gasification of coal or heavy oil), coal carbonization gas, 45 
coal water-gas gasification gas (namely, water gas 
obtained by the gasification of coal), coal partial-com- 
bustion gas, heavy-oil thermal separation light-oil or gas 
(namely, light oil or gas obtained by the thermal separa- 
tion of heavy oil), heavy-oil thermal decomposition light- 50 
oil or gas, heavy-oil oxidation decomposition light-oil or 
gas, super-heavy oil thermal decomposition light-oil or 
gas, super-heavy oil oxidation decomposition light-oil or 
gas, fermentation gas, and a mixture of these sub- 
stances. 55 
[0053] In the case of an embodiment of the aforemen- 
tioned power generation method of the present inven- 
tion, the boiler-oriented fuel to be treated partially is 



coal, heavy oil or a mixture of coal and heavy oil. 
[0054] In the case of an embodiment of the aforesaid 
power generation method of the present invention, the 
gas-turbine exhaust gas is supplied to the boiler. Fur- 
ther, the boiler fuel and/or the boiler-oriented fuel are 
burned by supplying air thereto. 
[0055] In the case of an embodiment of the aforemen- 
tioned power generation method of the present inven- 
tion, the combustion in the boiler is performed by using 
only the gas-turbine exhaust gas. 
[0056] In the case of an embodiment of the aforesaid 
power generation method of the present invention, the 
microwave irradiation is conducted by supplying hydro- 
carbon to the boiler-oriented fuel (F). 
[0057] In the case of an embodiment of the aforemen- 
tioned power generation method of the present inven- 
tion, the water-gas gasification is performed by 
supplying gas and water vapor for heating directly to the 
boiler-oriented fuel (F). 

[0058] In the case of an embodiment of the aforesaid 
power generation method of the present invention, the 
combustion gasification is performed by supplying air or 
oxygen, and water to the boiler-oriented fuel (F). 
[0059] Moreover, there is provided another power 
generation apparatus which comprises a partial- 
processing means, a gas turbine, a generator for the 
gas turbine, a boiler, a steam turbine, and a generator 
for the steam turbine. This power generation apparatus 
is adapted to perform one of the following power gener- 
ation operations: 

(1) a power generation operation that comprises 
the steps of: separating a boile-oriented fuel into 
distillate and residue by performing partial process- 
ing of the boiler-oriented fuel; adopting the distillate 
as a gas turbine fuel; adopting the residue as a 
boiler fuel; supplying the gas turbine fuel to a gas 
turbine wherein the gas turbine fuel is burned; gen- 
erating electric power by driving the gas turbine by 
using combustion gas for driving generated by 
burning the gas turbine fuel; supplying the boiler 
fuel and the boiler-oriented fuel to a boiler wherein 
the boiler fuel and the boiler-oriented fuel are 
burned; and generating electric power by burning 
the fuels in a boiler and by driving a steam turbine 
by the use of produced steam; 

(2) a power generation operation that comprises 
the steps of: separating a boiler-oriented fuel into 
distillate and residue by performing partial process- 
ing of the boiler-oriented fuel; adopting the distillate 
as a gas turbine fuel; adopting the residue as a 
boiler fuel; supplying a gas-turbineoriented fuel 
and the gas turbine fuel to a gas turbine wherein the 
fuels are burned; generating electric power by driv- 
ing the gas turbine by using fuel gas for driving gen- 
erated by burning the fuels; supplying the boiler fuel 
and a boiler-oriented fuel to a boiler wherein the 
fuels are burned; and generating electric power by 
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driving a steam turbine by the use of produced 
steam; 

(3) a power generation operation that comprises 
the steps of: separating a boiler-oriented fuel into 
distillate and residue by performing partial process- s 
ing of the boiler-oriented fuel; adopting the distillate 

as a gas turbine fuel; adopting the residue as a 
boiler fuel; supplying the gas turbine fuel to a gas 
turbine wherein the gas turbine fuel is burned; gen- 
erating electric power by driving the gas turbine by 10 
using combustion gas for driving generated by 
burning the gas turbine fuel; supplying the boiler 
fuel and a boiler-oriented fuel which is a different 
kind of fuel from said boiler-oriented fuel to a boiler 
where the fuels are burned; and generating electric is 
power by driving a steam turbine by the use of pro- 
duced steam; or 

(4) a power generation operation that comprises 
the steps of: separating a boiler-oriented fuel into 
distillate and residue by performing partial process- 20 
ing of the boiler-oriented fuel; adopting the distillate 

as a gas turbine fuel; adopting the residue as a 
boiler fuel; supplying a gas-turbine-oriented fuel 
and the gas turbine fuel to a gas turbine wherein 
these fuels are burned; generating electric power 25 
by driving the gas turbine by using combustion gas 
for driving generated by burning the fuels; supply- 
ing a different kind of boiler-oriented fuel and the 
boiler fuel to a boiler wherein the boiler fuel and the 
boiler-oriented fuel are burned; and generating 30 
electric power by driving a steam turbine by the use 
of produced steam. 

[0060] In the case of an embodiment of the herein- 
above described power generation apparatus of the 35 
present invention, the gas-turbine exhaust gas is sup- 
plied to the boiler, and the residue is burned by supply- 
ing air thereto. 

[0061 ] In the case of an embodiment of the aforemen- 
tioned power generation method of the present inven- 40 
tion, the combustion in the boiler is performed by using 
only the gas-turbine exhaust gas. 
[0062] In accordance with the present invention, there 
are provided the following fuels and methods concern- 
ing the coal carbonization. 45 
[0063] Namely, first, there is provided a fuel for power 
generation, which is obtained by separating coal, which 
especially contains volatile matter that is not less than 
20 % by weight, into distillate and residue by performing 
the partial decomposition of the coal, further employing so 
the distillate as a gas-turbine fuel, and employing the 
residue, which is carbonized residue, char or coke, as a 
boiler fuel for the steam turbine. 
[0064] Moreover, there is provided a method of pro- 
ducing a fuel for power generation, in which the partial 55 
processing is carbonization, especially, thermal decom- 
position carbonization to be performed at a temperature 
that is not higher than 500 °C, and in which a gas com- 



ponent and/or a oil component are separated from the 
distillate and are used as the gas turbine fuel. 
[0065] Furthermore, there is provided a fuel for gas- 
turbine power generation, which is obtained by adopting 
the obtained gas component and/or oil component as 
the fuel, and which contains salt component that is not 
more than 0.5 ppm by weight and V (vanadium)-content 
that is not more than 0.5 ppm. 
[0066] Further, in accordance with the present inven- 
tion, there is provided a method of producing a fuel for 
power generation, in which coal is separated into distil- 
late and residue by performing the partial decomposi- 
tion of the coal, and in which this distillate is employed 
as a gas-turbine fuel, and the residue is adopted as a 
boiler fuel for a steam turbine. 
[0067] Moreover, in accordance with the present 
invention, there is provided a method of producing a fuel 
for power generation, in which coal is separated into dis- 
tillate and residue by heating the coal for a time period 
of 0.1 to 10 seconds at a heating rate of 10 to 100,000 
°C per second to perform rapid partial thermal decom- 
position, and in which this distillate is employed as a 
gas-turbine fuel, and the residue is adopted as a boiler 
fuel for a steam turbine. 

[0068] Furthermore, in accordance with the present 
invention, there is provided a method wherein combined 
cycle power generation is conducted by using a gas tur- 
bine fuel, which is derived from the distillate that is 
obtained by the aforesaid rapid partial thermal decom- 
position, as a fuel for the gas turbine and the residue is 
used for a boiler fuel. 

[0069] In accordance with the present invention, there 
are provided the following fuels and methods concern- 
ing the microwave irradiation of coal. 
[0070] The present invention relates to a fuel for 
power generation, which is obtained by separating coal, 
which especially contains volatile matter that is not less 
than 20 % by weight, into distillate and residue by per- 
forming the partial decomposition of the coal by the 
microwave irradiation, further employing the distillate as 
a gas-turbine fuel, and using the residue as a boiler fuel 
in a boiler steam turbine system. 
[0071 ] Furthermore, in the case of this fuel, the partial 
decomposition treatment is microwave irradiation which 
is performed especially, at a temperature that is not 
lower than 50 °C, preferably. 100 to 1000 °C, and in the 
presence of hydrocarbon, preferably, in the presence of 
aliphatic compound, alicyclic compound or aromatic 
hydrocarbon, each molecule of which contains 1 to 20 
carbon atoms (namely, carbon number is 1 to 20), or in 
the presence of hydrocarbon gas, a gas turbine fuel is 
obtained by separating gas component and/or oil com- 
ponent from the distillate, and using the gas component 
and/or the oil component as the gas turbine fuel. 
[0072] Moreover, there is provided a method of pro- 
ducing a fuel for power generation wherein coal is sep- 
arated into distillate and residue by performing the 
partial decomposition of the coal by microwave irradia- 
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tion, further employing the distillate as a gas-turbine 
fuel, and using the residue as a boiler fuel in a boiler 
steam turbine system. 

[0073] In accordance with the present invention, there 
are provided the following method concerning the par- 
tial water-gas gasification of coal. 
[0074] Namely, there is provided a method of produc- 
ing a fuel for power generation wherein coal is sepa- 
rated into distillate and residue by performing the partial 
water-gas gasification of the coal, and further employing 
the distillate as a gas-turbine fuel, and employing the 
residue as a boiler fuel. 

[0075] Further, in the case of an embodiment of this 
method, the partial water-gas gasification is performed 
by adding water vapor for heating directly the gas. 
[0076] Additionally, in the case of an embodiment of 
this method, the partial water-gas gasification is per- 
formed by further adding hydrogen, hydrocarbon, car- 
bon dioxide or a mixture thereof. 
[0077] Moreover, in the case of an embodiment of the 
method of producing a fuel for power generation, gas 
component or gas and oil components is separated 
from the distillate, and the gas component or the gas 
and oil components is adopted as a gas turbine fuel. 
Moreover, in the method of producing a fuel for power 
generation, the ratio of heat-quantity of the distillate to 
the residue is 30-45 % to 70-55 %. 
[0078] In accordance with the present invention, there 
are provided the following methods concerning the par- 
tial combustion gasification of coal. 
[0079] Namely, there is provided a method of produc- 
ing a fuel for power generation wherein coal is sepa- 
rated into distillate and residue by performing the partial 
combustion gasification of the coal, and further employ- 
ing the distillate as a gas-turbine fuel, and employing 
the residue as a boiler fuel. 

[0080] Further, in an embodiment of this method, the 
partial combustion gasification is performed by adding 
air or oxygen, and water vapor to the coal. Moreover, in 
the case of another embodiment of this method, the par- 
tial combustion gasification is performed by further add- 
ing hydrogen, hydrocarbon, carbon dioxide or a mixture 
thereof. 

[0081 ] Furthermore, in an embodiment of the method 
of producing a fuel for power generation, gas compo- 
nent or a sum of gas and oil components is separated 
from the distillate, and this gas component or this sum 
of gas and oil components is adopted as a gas turbine 
fuel, the ratio of heat-quantity of the distillate to the res- 
idue is 30-55 % to 70-45 %. 

[0082] In accordance with the present invention, there 
are provided the following methods concerning the par- 
tial thermal decomposition of heavy oil. 
[0083] Namely, there is provided a method of produc- 
ing a fuel for power generation, wherein fuel oil is sepa- 
rated into distillate and residue by performing the 
thermal decomposition of the heavy oil, and further 
employing the distillate as a gas-turbine fuel. 
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[0084] Moreover, in an embodiment of the method of 
the present invention, heavy oil is separated into distil- 
late and residue by performing the thermal decomposi- 
tion of the heavy oil, and the residue is used as a boiler 
s fuel. 

[0085] Moreover, in an embodiment of the method of 
the present invention, heavy oil is separated into distil- 
late and residue by performing the thermal decomposi- 
tion of the heavy oil, the distillate is used as a gas 

ro turbine fuel, and the residue is used as a boiler fuel. 
[0086] Additionally, in the case of another embodi- 
ment of the method of the present invention, the heavy 
oil is fuel oil A, fuel oil B, fuel oil C, atmospheric pres- 
sure residue oil, residue oil under reduced pressure, 

15 shale oil, Orinoco super-heavy oil, orimulsion, asphalt 
emulsion, bitumen or a mixture of these substances. 
Further, the thermal decomposition is performed by a 
cracking method, a visbreaking method, a delayed cok- 
ing method, a fluid coking method, a flexicoking 

20 method, a contact coking method or EUREKA method 
(which was developed by Kureha Chemical Industry 
Co., Ltd.). Furthermore, the thermal decomposition is 
performed by adding water vapor, air, hydrogen, hydro- 
carbon, carbon dioxide or a mixture thereof. Moreover, 

25 the ratio of heat-quantity of the distillate to the residue is 
20-60% to 80-40%. 

[0087] In accordance with the present invention, there 
are provided the following methods concerning the par- 
tial combustion gasification of a mixture of coal and 
30 heavy oil. 

[0088] Namely, there is provided a method of produc- 
ing a fuel for power generation wherein a mixture of coal 
and heavy oil is separated into distillate and residue by 
performing the partial combustion gasification of this 

35 mixture, the distillate is employed as a gas-turbine fuel, 
and the residue is employed as a boiler fuel. 
[0089] Further, in an embodiment of this method, the 
partial combustion gasification is performed by adding 
air or oxygen, and water vapor to the mixture of coal and 

40 heavy oil. 

[0090] Moreover, in another embodiment of this 
method, the partial combustion gasification is per- 
formed by further adding hydrogen, hydrocarbon, car- 
bon dioxide or a mixture thereof. 
45 [0091] Additionally, in another embodiment of this 
method, the weight ratio of the coal to the heavy oil 
ranges from 5:95 to 80:20 in the partial combustion gas- 
ification. 

[0092] Furthermore, in another embodiment of this 
so method, gas component or a sum of gas and oil compo- 
nents is separated from the distillate, and this gas com- 
ponent or this sum of gas and oil components is 
adopted as a gas turbine fuel, the ratio of heat-quantity 
of the distillate to the residue is 20-60 % to 80-40 %. 
55 [0093] Further, in accordance with the present inven- 
tion, the aforesaid power generation apparatus may be 
further provided with a separation device for separating 
at least a gas component (V) and an oil component (O) 
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from the distillate (D). 

[0094] Moreover, an embodiment of such a power 
generation apparatus of the present invention may be 
further provided with a separation device for separating 
the oil component (O) into refined distillate (C) and res- 
idue (R*). 

[0095] As above described, a gas turbine fuel and a 
boiler fuel, which meet all of necessary standards, are 
obtained at a fuel ratio, which is suitable for power gen- 
eration, especially, power generation performing the 
exhaust-gas reburning, by employing coal, heavy oil 
and the like or a mixture of the coal and the heavy oil 
and the like as materials of the boiler-oriented fuel, and 
performing the partial processing thereof. In compari- 
son with the thermal efficiency (about 38 to 40 %) in the 
case of performing power generation by burning the full 
amount of the boiler-oriented fuel in a boiler and by gen- 
erating electric power, the thermal efficiency, in which 
the power generation can be performed in accordance 
with the present invention, is 45 to 47 %. This value of 
the thermal efficiency is comparable with the value of 
the thermal efficiency in the case of generating electric 
power by gasifying the full amount of the heavy oil. As 
compared with the gasification of the full amount of 
heavy oil, the cost of facilities used in a fuel decomposi- 
tion process and a fuel-gas refining process according 
to the present invention is low. Even when a gas turbine 
is used, no corrosion occurs therein. Moreover, the 
amount of an exhaust gas is small because of the abun- 
dance and inexpensiveness of raw materials, thriftiness, 
the utilization of the existing facility and the high thermal 
efficiency. Consequently, the method and apparatus of 
the present invention is very advantageous to preven- 
tion of the deterioration of the global environment. 
[0096] Furthermore, in accordance with the present 
invention, one of the various boiler-oriented fuels, which 
are utilized only in a boiler and are inexpensive and 
have low utilization factors and are pressed to be 
treated, and the gas-turbine-oriented fuels, which are 
easily obtained and are excessive and hardly produce 
toxicant that causes pollution, can be selected and used 
freely Thus, further efficient power generation is 
achieved. Additionally, increase in ability of power gen- 
eration can be attained by small-scale investment, 
because an additional partial-processing facility is 
unnecessary. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0097] 



FIG. 1 is a process flow chart for illustrating the 
present invention; 

FIG. 2 is a process flow chart for illustrating a proc- 
ess of separating distillate into a gas component 
and a liquid component; 

FIG. 3 is a process flow chart for illustrating a proc- 
ess flow chart for illustrating a process of further 



distilling an oil component; 
FIG. 4 is a process flow chart for illustrating a power 
generation method using a gas-turbine-oriented 
and a boiler-oriented fuel; 

5 FIG. 5 is a process flow chart for illustrating a power 
generation method using a combination of a boiler- 
oriented fuel, a gas turbine fuel and a boiler fuel 
which are obtained by performing partial process- 
ing on the boiler-oriented fuel; 

w FIG. 6 is a process flow chart for illustrating a power 
generation method using a gas-turbine-oriented 
fuel, a boiler-oriented fuel, and a combination of a 
gas turbine fuel and a boiler fuel which are obtained 
by performing partial processing on the boiler-ori- 

is ented fuel; 

FIG. 7 is a process flow chart for illustrating a proc- 
ess of separating the distillate into a gas compo- 
nent and a liquid component; and 
FIG. 8 is a process flow chart for illustrating a proc- 

20 ess of further distilling an oil component. 

DETAILED DESCRIPTION QF THE PREFERRED 
EMB ODIMENTS 

25 [0098] Incidentally, in the method and apparatus of the 
present invention, the term "gas-turbine-oriented fuel 
(G')" represents a fuel that can be used in a gas turbine, 
and is a combustible gas or a flammable light-gravity liq- 
uid whose boiling point at the atmospheric pressure is 

30 500 °C (namely, about 900 °F). Practical examples of 
such a " gas-turbine-oriented fuel" are methane, 
ethane, ethylene, propane, propene, butane and the 
like, butene and the like, hexane and the like, heptane 
and the like, methanol, ethanol, propanol, butanol, 

35 dimethyl ether, diethyl ether, LNG, LPG, naphtha, gaso- 
line, kerosene, light oil (gas oil), heavy-oil decomposi- 
tion component whose boiling point at the atmospheric 
pressure is not higher than 500 °C, natural gas, coal 
bed methane, landfill gas, blast furnace gas, coke oven 

40 gas, converter gas, by-product gas which is derived 
from a chemical plant and contains hydrogen and/or 
carbon monoxide gasification gas such as coal or fuel 
oil, coal carbonization gas, coal water-gas gasification 
gas, coal partial-combustion gas, heavy-oil thermal 

45 decomposition light-oil or gas, heavy-oil oxidation 
decomposition light-oil or gas, super-heavy oil thermal 
decomposition light-oil or gas, super-heavy oil oxidation 
decomposition light-oil or gas, fermentation gas, and a 
mixture of these substances. 

50 [0099] Further, examples of by-product gases, which 
contain hydrogen and/or carbon monoxide and are 
derived from various kinds of plants, are hydrogen 
obtained by the oxidation of hydrocarbon, or gases 
derived from a chemical plant, such as a mixed gas 

55 obtained by mixing hydrogen and carbon monoxide. 
[0100] Further, in the method and apparatus of the 
present invention, the term "boiler-oriented fuel (F)" rep- 
resents a fuel that cannot be used in a gas turbine but 
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can be used in a boiler, and that is combustible solid or 
combustible heavy liquid. Practical examples are coal, 
char, coke, fuel oil (namely, fuel A, fuel B, fuel C), resid- 
ual oil (namely, atmospheric pressure residue oil, resi- 
due oil under reduced pressure), pitch, bitumen, 
petroleum coke, carbon, tar sand, sand oil obtained 
from tar sand, oil shale, shale oil obtained from oil shale, 
Orinoco tar, orimulsion which is aqueous suspension of 
Orinoco tar, asphalt, asphalt emulsion, coal-oil mixture 
(COM), coal-water mixture (CWM), coal-methanol 
slurry, mass derived from naturally occurring sub- 
stances, such as wood, grass, fats and oils or press 
cake, waste plastic, combustible refuse, and mixtures of 
these substances. 

[0101] In the method and apparatus of the present 
invention, a boiler-oriented fuel for partial processing 
(namely, a boiler-oriented fuel (F) for a boiler to be used 
for partial-processing) may be the same as or different 
from a boiler-oriented fuel (F*) that does not undergo the 
partial processing and is directly supplied to a boiler. 
For instance, fuel oil may be used as the boiler-oriented 
fuel for partial processing, while coal may be used as 
the boiler fuel to be supplied directly to the boiler. Alter- 
natively, a boiler-oriented fuel, on which the partial 
processing can be achieved, may be used, and a fuel 
which is difficult to be treated partially or a fuel which is 
disadvantageous from the economical point of view may 
be used as the boiler-oriented fuel to be fed directly to 
the boiler. 

[0102] Incidentally, the terms "boiler" and "heat recov- 
ery boiler" are used in the method and apparatus of the 
present invention. When a term is referred to simply as 
"a boiler", this term "boiler" designates a boiler of a 
boiler steam-turbine system in which a boiler fuel is 
burned. For designating a boiler for recovering a waste 
heat, the term "heat recovery boiler" is used. 
[0103] Further, examples of coal to be used as the 
boiler-oriented fuel (F) or (F') in the method and appara- 
tus of the present invention are brown coal, brownish 
black coal, low rank bituminous coal, high rank bitu- 
mous coal, semibitumous coal, semianthracite and 
anthracite. Preferably, the volatile matter of coal is not 
less than 20 % by weight and is not more than 60 % by 
weight. More preferably, the volatile matter of coal is not 
less than 30 % by weight and is able to provide volatile 
matter which is commensurate with the heat-quantity 
ratio used in the gas turbine and the boiler, or provide 
distillate consisting of the volatile matter and a product 
material of thermal-decomposition. Most preferable coal 
is low or medium grade coal, of which the volatile matter 
of coal is not less than 35 % by weight, and can provide 
the distillate which is commensurate with the heat- 
quantity ratio used in the gas turbine and the boiler, the 
combination of which is used to burn an exhaust gas 
again. 

[0104] Generally, the smaller the volatile matter of coal 
is, the lower the degree of coalrfication of the coal 
becomes. Thus, the utility becomes lower. Conversely, 



the coal reserve is high, and the price thereof is low. 
Therefore, it is very important to find a method of per- 
forming power generation by effectively using such coal. 
However, the methods of the present invention have 
5 been unknown publicly. Moreover, there have been not 
known such a power generation facility and experimen- 
tal equipment. 

[01 05] Heavy oil to be used as the boiier-oriented fuel 
of the present invention includes crude oil, conventional 

10 heavy oil, super-heavy oil and bitumen (or sand oil). 
[01 06] Crude oil contains distillate and heavy compo- 
nent. In the apparatus of the present invention, crude oil 
can be used as a gas turbine fuel by performing the par- 
tial separation or the partial decomposition thereon. 

15 Moreover, crude oil can be supplied to the boiler as a 
boiler-oriented fuel. Moreover, either of low-sulfur crude 
oil and high-sulfur crude oil can be used. There is no 
necessity of adjusting the salt content to a low density 
such as 0.5 ppm before the partial processing. Addition- 

20 ally, no limitation is imposed on the sulfur content in the 
distillation. 

[0107] Conventional heavy oil is, for example, fuel oil 
A, fuel oil B, fuel oil C, atmospheric pressure residual 
oil, residue oil under reduced pressure, shale oil. 

25 [01 08] Super-heavy oil has a specific gravity of 1 .0 or 
more (60/60 °F) and a viscosity of 10,000 cP or less, 
that is, below oil reservoir temperature and is, for exam- 
ple, Orinoco super-heavy oil, orimulsion which is aque- 
ous suspension of Orinoco super-heavy oil, asphalt, 

30 and asphalt emulsion which is aqueous emulsion of 
asphalt. 

[0109] Bitumen has a specific gravity of 1 .0 or more 
(60/60 °F) and a viscosity of 10,000 cP or less, that is, 
below oil reservoir temperature and is, for instance, 

35 athabasca bitumen and cold lake bitumen. 

[01 1 0] If necessary, before the partial processing, the 
contents of impurities such as salts including sodium, 
potassium, calcium and sulfur in such heavy oil may be 
lowered by (water) washing, alkali cleaning, acid clean- 

40 ing. solvent cleaning, adsorption, replacement or bio- 
processing. 

[01 1 1 ] In the description of the method and apparatus 
of the present invention, the "partial processing" to be 
performed on a boiler-oriented fuel designates partial 
45 separation, partial decomposition or mixed processing 
thereof. 

[0112] Partial separation is to separate distillate and 
residue to be described later from a boiler-oriented fuel 
by separation means, such as heating, pressure reduc- 
so tion, topping, flushing, distillation, extraction or decanta- 
tion, without changing the composition of the fuel 
chemically. 

[01 1 3] Partial decomposition is to change the compo- 
sition of a boiler-oriented fuel chemically, namely, to 
55 generate distillate and residue from a boiler-oriented 
fuel by thermal decomposition, carbonization, combus- 
tion gasification, water-gas gasification, hydrogenation, 
liquefaction, or microwave irradiation. Therefore, the 
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partial decomposition is followed by the operation of 
separation of distillation and residue. Thereafter, if nec- 
essary, an operation of separating a gas component 
and an oil component from the distillation, or an opera- 
tion of further separating a light oil component from the 
oil component is followed. 

[01 1 4] In the description of the method and apparatus 
of the present invention, the "distillate" (D) is a compo- 
nent separated from the boiler-oriented fuel by the par- 
tial separation or from the partially decomposed boiler- 
oriented fuel by the partial decomposition or the partial 
decomposition and the subsequent separation in a gas- 
eous state and/or liquid state. Thus, the distillate 
includes both of a component condensed and liquefied 
after once vaporized, and a component separated after 
generated as liquid. 

[0115] In the partial treatment of heavy oil, the term 
"distillate" designates a gaseous or liquid component 
which has a boiling point below 500°C (about 900°F) 
under the atmospheric pressure. 
[01 1 6] In the description of the method and apparatus 
of the present invention, the "residue" (R) is a substance 
left after the herein-above mentioned distillate is sepa- 
rated from the boiler-oriented fuel or the partially 
decomposed boiler-oriented fuel. 
[0117] Hereinafter, the partial processing will be 
explained by describing the partial separation and the 
partial decomposition individually. 
[01 1 8] First, various kinds of partial separation opera- 
tions will be described hereinbelow. 
[011 9] "Topping" to be used in the method and appa- 
ratus of the present invention is a method of forming vol- 
atile matter by heating, for example, crude oil and 
thereafter, using steam, or inert gas such as nitrogen, 
carbon dioxide or methane-contained gas as a stripping 
gas, and then blowing the stripping gas into the heated 
crude oil. 

[0120] "Distillation" to be used in the method and 
apparatus of the present invention includes a method of 
heating, for instance, crude oil and forming volatile mat- 
ter under reduced or the atmospheric pressure or in a 
pressurized state, a method of simply forming volatile 
matter, a method of separating refined distillate by distil- 
lation after introducing reflux thereto, and a method of 
separating a specific component by adding an entrainer 
or an extracting agent to the crude oil. 
[0121 ] In the case of the "extraction" to be used in the 
method and apparatus of the present invention, bio- 
mass which is rich in oil component is crushed, if neces- 
sary and is separated into an extract and an extraction 
residue by adding extracting agent. Then, the extracting 
agent is separated from the extract and the extract can 
be used as a gas turbine fuel. Further, a fibrous part, 
which is the extraction residue, can be used as a boiler 
fuel. 

[0122] "Flushing" to be used in the method and appa- 
ratus of the present invention can be utilized in introduc- 
ing, for instance, crude oil, which has been heated at 



high temperature and at high pressure, to a low-pres- 
sure vessel and then separating the crude oil into distil- 
late and residue. 

[0123] "Decantation" to be used in the method and 
5 apparatus of the present invention is a method of heat- 
ing, for instance, oil shale and then separating only the 
oil component, whose viscosity is lowered, from the oil 
shale by "pouring off" the oil component without stirring 
up sediment. 

10 [01 24] Incidentally, these partial separation operations 
can be utilized in the cases where a distillate and a res- 
idue are separated subsequently to the partial decom- 
position, or where a refined distillate is obtained from 
the distillate. 

15 [01 25] Next, various kinds of the partial decomposition 
will be described hereunder. 
[0126] Thermal decomposition to be utilized in the 
method and apparatus of the present invention is a 
method wherein, for example, heavy oil serving as a raw 

20 material can be separated into at least a distillate, which 
contains a component that can be used as a gas turbine 
fuel, and a residue that can be used as a boiler fuel. 
[01 27] Thus, in the case of using a thermal decompo- 
sition in the method and apparatus of the present inven- 

25 tion, the thermal decomposition may be performed 
simply, or may be performed blowing water vapor or a 
hydrogen gas into the material. Alternatively, catalytic 
contact thermal decomposition may be conducted in the 
presence of a catalyst. 

30 [0128] Examples of methods of performing thermal 
decomposition are a cracking method for obtaining a 
distillate, a visbreaking method for lowering mainly the 
viscosity of a residue, and a coking method for obtaining 
a distillate and a coke component. Further, if classified 

35 by severity, examples thereof are a method of perform- 
ing high-temperature thermal decomposition at a tem- 
perature which is not lower than 1100 °C, a high- 
temperature coking method of performing thermal 
decomposition at a temperature in a range of 980 to 

40 1100 °C, a medium temperature thermal decomposition 
method of performing thermal decomposition at a tem- 
perature in a range of 870 to 980 °C to obtain a low- 
heat-quantity gas, another medium temperature ther- 
mal decomposition method of performing thermal 

45 decomposition at a temperature in a range of 700 to 870 
°C to obtain a high-heat-quantity gas, a low-tempera- 
ture coking method of performing thermal decomposi- 
tion at a temperature in a range of 480 to 700 °C, a low- 
temperature thermal decomposition method of perform- 

so ing thermal decomposition at a temperature in a range 
of 480 to 540 °C, a visbreaking method of performing 
thermal decomposition at a temperature in a range of 
430 to 480 °C, and EUREKA method of performing ther- 
mal decomposition at a temperature in a range of 350 to 

55 480 °C simultaneously blowing water vapor into the 
material. 

[0129] Moreover, the properties of the obtained resi- 
due vary with the kind of the heavy oil, namely, the raw 
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material and a sort of the coking method. Depending 
upon the sort of the coking method, for example, 
asphaltic coke is obtained in the case of using the 
delayed coking method, whereas in the case of using 
the fluid coking method, the f lexicoking method and the 
contact coking method, carboid coke is obtained. 
[0130] In the case that thermal decomposition is per- 
formed on heavy oil by using the visbreaking method, 
the thermal decomposition is carried out gently to the 
extent that no coke is produced. Thus, the viscosity and 
pour point of a reside can be lowered. In the case of the 
visbreaking method, fuel oil is separated into a distillate 
and a residue by decomposing the fuel oil by means of 
a heating furnace, or by further causing the fuel oil to go 
through a soaker vessel, if necessary. Distillate and res- 
idue may be separated by quickly cooling the distillate to 
stop the decomposition. 

[0131] In the case of the thermal decomposition of 
heavy oil by using the fluid coking method and the f lexi- 
coking method, fuel oil is supplied to a reactor and then 
undergoes the thermal decomposition on a heating 
coke flowing in the reactor, so that the fuel oil is sepa- 
rated into a distillate and a residue (namely, a coke). In 
the case of using the flexicoking method, a residue 
(namely, a coke) adhering to a heating coke is sent to a 
heater chamber in which the residue is heated by the 
coke and gas which is put back from a gasifier. Thereaf- 
ter, the residue is recycled to the reactor. A part of the 
residue (namely, the coke), which has adhered onto the 
heating coke and has been sent to a heater chamber, is 
sent to the gasifier in which the residue is then gasified 
by air and steam. Thereafter, the resultant gas is 
returned to the heater chamber. A part of the coke 
placed in the heater chamber is taken out as a coke, 
while the remaining part thereof is recycled to the reac- 
tor. 

[0132] In the case of using the fluid coking method, a 
residue (namely, a coke) adhering onto a heating coke 
is sent to a burner chamber in which the residue is 
heated by being supplied with air. Thereafter, the resi- 
due is recycled to the reactor. Part of the coke placed in 
the burner chamber is taken out therefrom as a coke, 
while the remaining part thereof is recycled to the reac- 
tor. 

[0133] In the case that the thermal decomposition of 
the heavy oil is performed by using the delayed coking 
method, heavy oil is first heated and the heated oil is 
then supplied to the bottom portion of the distilling col- 
umn, in which the heavy oil is separated into a distillate 
(namely, oil vapor) and a residue (namely, high boiling 
liquid). Subsequently, the residue is supplied to a heat- 
ing furnace, in this heating furnace, heavy oil is heated 
in a short time period. Thereafter, the heavy oil is sent to 
a coke drum and is further separated into a distillate and 
a residue in the coke drum. This residue is gradually 
changed into a coke by being heated. This distillate is 
supplied to the aforementioned distilling column, in 
which the distillate and the heavy oil are separated into 



a distillate (namely, the oil vapor) and the residue 
(namely, the high boiling liquid). 
[01 34] As compared with the fluid coking method and 
the flexicoking method, the yields of a gas and a coke is 

5 high in the case of this method. 

[01 35] In the case that the thermal decomposition of 
heavy oil is performed by using EUREKA method, the 
fuel oil is preheated and is then supplied to the bottom 
portion of a distilling column in which the fuel oil is sep- 

10 arated into a distillate and a residue (namely, high boil- 
ing liquid). The residue (namely, the high boiling liquid) 
is heated in a heating furnace. Thus, the residue is 
slightly decomposed and is then supplied to a reactor. 
Water vapor is supplied to the reactor from the lower 

15 portion thereof. Thus, the slightly decomposed residue 
is further decomposed thermally. In addition, the mixing 
of the residue and the forming of the distillate are pro- 
moted. After a lapse of a predetermined time period, a 
reactant is cooled, so that the reaction is stopped. 

20 [01 36] Distillate includes a gas, an oil component and 
condensed water. If necessary, sulfur compounds such 
as hydrogen sulfide may be removed from the gas com- 
ponent. Oil component is separated by rectification so 
that oil component having a high boiling point may be 

25 mixed with a raw material, namely, fuel oil and also may 
be circulated in the system. After the reaction is 
stopped, the residue becomes liquid pitch and is further 
extracted to the exterior of the system as petroleum 
pitch. 

30 [0137] Plural reactors are prepared and are further 
used by being exchanged with one another every time 
period. Thus, the operation is performed by employing a 
semi-batch system. 

[01 38] Thermal decomposition will be explained here- 

35 inbelow by describing the case, in which the partial ther- 
mal decomposition of waste plastic is performed by 
dissolving the waste plastic into oil, as an example. 
Polyolefine, such as polyethylene and polypropylene, is 
dissolved in oil, such as light oil by being heated at a 

40 temperature in the range of 330 to 350 °C for a time 
period of 20 to 120 minutes, during lowering the molec- 
ular weight thereof. Polystyrene is decomposed and dis- 
solved mainly by depolymerization by being heated at a 
temperature of 250 °C for a time period of 10 to 60 min- 

45 utes. Then, the liquid, which is thus obtained by decom- 
position and dissolution of the waste plastic, is 
separated into a distillate and a residue by distillation. 
Further, the distillate may be used as a gas turbine fuel, 
and the residue may be used as a boiler fuel. 

so [0139] In the case of the catalytic decomposition, 
decomposition catalysts, such as activated clay, silica 
alumina, zeolite (especially, rare earth exchange zeolite 
and ultrastable Y zeolite), Co-Mo, Ni-Mo and Fe can be 
used depending upon kinds of fuel oil used as a raw 

55 material and sorts of entrained impurities. 

[01 40] Conditions for thermal decomposition of heavy 
oil vary with the kind of the heavy oil used as a raw 
material, the sorts of target products, the ratio of acqui- 
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sition thereof, and the processing or treatment methods. 
The processing temperature of fuel oil ranges from 350 
to 1 300 °C and varies with the severity. Pressure ranges 
from the atmospheric pressure to 100 atm. Therefore, a 
distillate can be obtained by the application of the 
atmospheric pressure to a pressure of 100 atm. Reac- 
tion time is not more than 1 0 hours. 
[0141] To promote thermal decomposition, hydrogen, 
carbon monoxide, carbon dioxide, hydrocarbon, a part 
of the generated gas component, an oil component or 
alcohol may be added to the raw material as a modifier. 
[0142] These methods can be achieved by any of 
operations performed according to a batch process, a 
semi-batch process such as EUREKA process, and a 
continuous process such as the visbreaking process. 
[0143] Carbonization to be used in the method and 
apparatus of the present invention is an operation of 
chemically converting coal into a gas component, which 
is not condensed, and a liquid component, which is con- 
densed, and liquid and solid components, which are 
separated by the decantation, by baking coal in a condi- 
tion in which oxygen is reduced, preferably in a condi- 
tion where the coal is cut off from the air, and cooling a 
distillate by water and so forth. 
[0144] Carbonizing method may be either a process 
of using a retort or a process of using what is called a 
coke oven. In view of the supply of coal to a carboniza- 
tion apparatus and the discharge of the residue there- 
from, the coal is broken into blocks with ordinary sizes 
or into fine particles and consequently, such blocks or 
fine particles of coal are supplied to the carbonization 
apparatus. 

[0145] Heating of coal for carbonization may be per- 
formed by heating a carbonization furnace from the out- 
side. However, preferably, a gas for heating at a 
predetermined temperature, for example, 400 to 1300 
°C, which is obtained by burning a fuel, is fed to the fur- 
nace which is then heated by this gas. Thus, the volatile 
matter is formed by being "accompanied" with the gas 
for heating. 

[0146] Incidentally, there are two types of carboniza- 
tion. Namely, one is a low-temperature carbonization, of 
which the final heating temperature is not higher than 
800 °C. The other is a high-temperature carbonization, 
of which the final heating temperature is not lower than 
800 °C. Further, this high-temperature carbonization is 
performed at a temperature in the vicinity of 1000 °C. 
Although both of these two types of carbonization may 
be used, the low-temperature carbonization is more 
preferable. In the case of the low-temperature carboni- 
zation, large amounts of an oil component and char to 
be used as a fuel are obtained. In contrast, in the case 
of the high-temperature carbonization, a coke oven gas 
and a large quantity of coke, which is used for a blast 
furnace or for casting, is obtained. Further, the carboni- 
zation to be performed in the method and apparatus of 
the present invention may comprise only a thermal 
decomposition carbonization process to be performed 



at a temperature which is not higher than 500 °C, with- 
out a sintering step. In this case, when the coal is of a 
certain kind, the residue is obtained in the form of fine 
particles or of a lump as a result of being soften and 

5 molten. It is determined according to the type of the 
boiler which of such forms of the residue is to be used. 
[01 47] In the description of the method and apparatus 
of the present invention, the term "carbonization" desig- 
nates the aforementioned low-temperature caiboniza- 

10 tion, the high-temperature carbonization, the thermal 
decomposition carbonization or the combination of 
these types of the carbonization. 
[0148] Regarding the heating time in the carboniza- 
tion, the residence or dwell time may be equal to or 

15 longer than about 1 minute as established convention- 
ally. Further, the residence time at a high temperature of 
1 ,000°C, as in the case of the rapid thermal decomposi- 
tion, may be equal to or less than about 1 minute. How- 
ever, the low-temperature carbonization method, by 

20 which the residence time as conventionally established 
is long, is preferable. 

[0149] In the case of the carbonization, the gas com- 
ponents depend on the kind of coal and the manufactur- 
ing conditions of the apparatus. To cite an example 

25 (hereunder, the gas content is expressed in % by vol- 
ume, unless otherwise specified), the gas components 
contain 50 % of hydrogen, 30 % of methane, 8 % of car- 
bon monoxide, 3 % of hydrocarbon such as ethylene 
and benzene as effective component, and further con- 

30 tain moisture component, nitrogen, carbon dioxide, and 
miner components such as nitric monoxide, hydrocy- 
anic acid, pyridine, hydrogen sulfide, carbon disulfide, 
carbonyl sulfide and tar. 

[01 50] The amount or yield of the gas component gen- 
35 erated by the carbonization is 100 to 200 Nm 3 /t coal in 
the case of the low-temperature carbonization or the 
thermal decomposition carbonization, and is 300 to 400 
Nm 3 /t coal in the case of the high-temperature carboni- 
zation. Further, the heating value of the gases is 4700 to 
40 5400 kcal/Nm 3 in the case of the gases produced by the 
low-temperature carbonization and the thermal decom- 
position carbonization, and is 6200 to 8000 kcal/Nm 3 in 
the case of the gases produced by the high-temperature 
carbonization. 

45 [01 51 ] The oil component is composed mainly of light 
oil, tar and alcohol, in the case of the carbonization, and 
may be used by undergoing the purification and separa- 
tion through distillation or the like. The residue is a pitch 
in which inorganic substances such as salts and vana- 

so dium are condensed. Thus, a more desirable fuel for a 
gas turbine is obtained by the distillation and purification 
of the pitch. In this case, the residue may be mixed into 
a fuel for a boiler. 

[0152] The amount of produced alcohol is 50 to 150 
55 liter/tcoal. 

[0153] The amounts of light oil and tar is 90 to 180 
liter/t coal in the case of the low-temperature carboniza- 
tion or the thermal decomposition carbonization, and is 
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40 to 80 Irter/t coal in the case of the high-temperature 
carbonization. 

[01 54] Rapid partial thermal decomposition to be used 
in the method and apparatus of the present invention 
will be described hereinafter. Namely, this rapid partial 
thermal decomposition is used in a method of producing 
a fuel for power generation, wherein the rapid thermal 
decomposition of coal is first performed by heating the 
coal at a heating rate of 10 to 100,000°C per second for 
a time period of 0.1 to 1 0 seconds, and wherein the coal 
is separated into a distillate, whose main component is 
volatile matter, and a residue whose main components 
are char and coke, and further, the distillate is used as a 
fuel for a gas turbine, and the residue is used as a fuel 
for the boiler of a steam turbine. 
[0155] Furthermore, in accordance with the present 
invention, a combined cycle power generation is per- 
formed by using a gasturbine fuel, which is derived from 
the distillate that is obtained from the aforesaid rapid 
partial thermal decomposition, in the gas turbine and by 
using the residue as a boiler fuel. 
[0156] Partial combustion gasification to be used in 
the method and apparatus of the present invention will 
be explained hereinbelow by describing the case of 
using coal as a raw material by way of example. 
[0157] Namely, in the case of using the partial com- 
bustion gasification in the method and apparatus of the 
present invention, first, the coal to be used as a raw 
material is separated into a distillate, which contains a 
component that can be used as a gas turbine fuel, and 
a residue which can be used as a boiler fuel. Examples 
of methods of performing the partial combustion gasifi- 
cation are methods respectively using a fixed bed fur- 
nace, a fluid (or fluidized bed) furnace, a flow bed 
furnace, a melting layer or basin (or molten bed) fur- 
nace, a moving bed furnace, a fixed-bed-flow-bed com- 
bination furnace, a fluid-bed-flow-bed combination 
furnace and a flow-bed-melting-layer combination fur- 
nace. The conditions for partial combustion gasification 
vary with these methods. Moreover, the ratio among the 
fuel contents of an obtained gas depends upon which of 
air and oxygen is used for oxidation. It is preferable for 
obtaining a fuel, which has a high heating value, to use 
oxygen. Additionally, a fuel having a further higher heat- 
ing value is obtained by separating and removing car- 
bon dioxide and the like from a gas, which is obtained by 
the partial combustion gasification, or by increasing the 
contents of hydrogen and methane contained in the 
obtained gas by a conversion reaction and a reforming 
reaction. 

[0158] The ratio by weight among coal, oxygen (inci- 
dentally, in the case of using air, oxygen contained in the 
air) and water to be added to coal is dependent on the 
methods of performing the partial combustion gasifica- 
tion. Further, let the weight of the coal be 1 , the ratio by 
weight of the added oxygen to the coal is not more than 
about 1 .5:1 , and the ratio by weight of the added water 
to the coal is not more than 3. Preferably, the ratio by 



weight of the oxygen to the coal is 0.1 to 1 .2. Preferably, 
the ratio by weight of the water to the coal is 0.1 to 2.0. 
The processing temperature is the temperature of the 
furnace and ranges from about 600 to 1600 °C. The 

5 pressure ranges from the atmospheric pressure to 100 
atm. Therefore, a distillate can be obtained by applying 
a pressure, which is in the range between the atmos- 
pheric pressure and 100 atm or so. 
[01 59] As the ratio by weight of water vapor added to 

10 the coal becomes closer to 3, a carbon-monoxide-to- 
hydrogen shift reaction proceeds. Thus, the ratio by 
weight of hydrogen contained in a distillate increases. 
The smaller the ratios by weight of oxygen and water 
become, the more the gasification becomes similar to 

15 the dry distillation (or carbonization). Thus, the gas con- 
tent decreases, while the liquid content increases. 
[0160] In the case of performing the partial combus- 
tion-gas gasification, the oil component is naphtha and 
tar, into which products of the partial combustion gasrfi- 

20 cation and the volatile matter of the coal are distilled as 
they are. 

[01 61 ] Partial water-gas gasification to be used in the 
method and apparatus of the present invention will be 
explained hereinbelow by describing the case of using 

25 coal as a raw material by way of example. Further, 
examples of methods of performing the partial water- 
gas gasification are methods respectively using a fixed 
bed furnace, a fluid furnace, a flow bed furnace, a melt- 
ing layer or basin furnace, a moving bed furnace, a 

30 fixed-bed-flow-bed combination furnace, a fluid-bed- 
flow-bed combination furnace and a flow-bed-melting- 
layer combination furnace. 

[01 62] The conditions for partial water-gas gasification 
of coal vary with these methods. Further, let the weight 
35 of the coal be 1 , the ratio by weight of the added water 
to the coal is not more than 3. Preferably, the ratio by 
weight of the water to the coal is 0.1 to 2.0. The 
processing temperature is the temperature of the fur- 
nace and ranges from about 300 to 1600 °C. The pres- 
to sure ranges from the atmospheric pressure to 100 atm. 
As the ratio by weight of water vapor to the coal 
becomes closer to 2, a carbon-monoxide-to-hydrogen 
shift reaction proceeds. Thus, the ratio by weight of 
hydrogen contained in a distillate increases. As the ratio 
45 by weight of water becomes closer to 0.1 , the gasifica- 
tion becomes similar to the dry distillation. Thus, the gas 
content decreases. 

[0163] Heating of coal for partial water-gas gasifica- 
tion may be performed by heating a partial water-gas 

so gasification furnace from the outside while supplying 
steam to coal. However, preferably, water vapor is 
added to a gas for heating at a predetermined tempera- 
ture, for example, 400 to 1800 °C, which is obtained by 
burning a fuel, and the furnace is then heated by this 

55 gas. Thus, a gas and the volatile matter are distilled. 
[0164] Moisture source depends on the kind of the 
aforesaid partial water-gas gasification furnace, and 
water, drain water, low-pressure steam or high-pressure 
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steam is used. 

[0165] Hydrogen, carbon monoxide, carbon dioxide, 
hydrocarbon, a part of the generated water-gas compo- 
nent, an oil component or alcohol may be added to the 
gas for heating in addition to the water vapor. 
[01 66] In the case of the partial water-gas gasification, 
the gas components depend on the kind of coal, the 
degree of the partial water-gas gasification, the 
processing conditions of the apparatus and the kind of 
coal. In the case of blowing water vapor and air into 
coal, the obtained gas contains nitrogen, carbon diox- 
ide, carbon monoxide, methane and hydrogen as main 
components. The amount or yield of heat generated by 
the gas component, which is produced by the partial 
water-gas gasification, is 1000 to 1500 kcal/Nm 3 . In the 
case of blowing water vapor and oxygen to coal, the 
obtained gas contains carbon monoxide, methane, 
hydrogen and carbon dioxide as main components. The 
amount or yield of heat generated by the gas compo- 
nent, which is produced by the partial water-gas gasifi- 
cation, is 2,500 to 4,500 kcal/Nm 3 . The distillate usually 
contains hydrocarbon, nitrogenous substances such as 
ammonia, sulfide such as hydrogen sulfide, and tar in 
addition to the aforementioned gas component. To cite 
an example, in the case of the partial water-gas gasifi- 
cation in the condition that the invert ratio is 35 % at 830 
°C at a pressure of 70 atm, 24 % of hydrogen, 7 % of 
methane, 7 % of carbon monoxide and 4 % of hydrocar- 
bon are contained as effective component, and mois- 
ture component, nitrogen, carbon dioxide, nitrogenous 
substances such as ammonia, sulfide such as hydrogen 
sulfide, and tar are further contained. 
[0167] In the case of performing the partial water-gas 
gasification, the oil component comprising mainly naph- 
tha and tar is obtained as a distillate of products of the 
partial combustion gasification and the volatile matter of 
the coal. 

[0168] Partial hydrogeneation to be used in the 
method and apparatus of the present invention will be 
explained hereinbelow by describing the case of using a 
solid boiler-oriented fuel such as coal by way of exam- 
ple. Partial hydrogenation can be performed in the case 
of using no catalyst and also can be conducted in the 
presence of metallic catalyst. In the case of no catalyst, 
obtained oil is used as a recycle solvent, and thus the 
processing temperature and the pressure are nearly the 
same as those in the case of the thermal decomposition 
and the carbonization. However, because the hydrogen- 
ation is an exthothermic reaction, a necessary amount 
of heat to be supplied to the apparatus is very small. 
[0169] Further, the partial hydrogenation can be per- 
formed at a temperature ranging from 400 to 500 °C and 
at a pressure of 20 to 200 atm by using oil obtained in 
the presence of a disposable catalyst, such as Co- 
Mo/alumina or Ni-Mo/alumina or iron system or zinc 
system catalyst, as a recycle solvent. 
[0170] Distillate obtained in this manner is rich in low 
hydrocarbon gas, such as methane. Moreover, the heat 



quantity of this distillate is high. 
[0171] Partial liquefaction to be used in the method 
and apparatus of the present invention will be explained 
hereinbelow by describing the case of using a solid 

s boiler-oriented fuel such as coal by way of example. 
Obtained oil is used as a recycle solvent, and the solid 
boiler-oriented fuel is dispersed into the solvent without 
being changed, or alternatively, the solid boiler-oriented 
fuel is dispersed into the recycle solvent by being 

10 crushed into fine powder. Moreover, the liquefaction is 
performed by using no catalyst or using a catalyst simi- 
lar to the partial hydrogenation catalyst and by the fol- 
lowing methods such as IG method, EDS method, Dow 
method, a zinc chloride catalyst method. Bergbau-For- 

15 schung method, Saarbergwerke method, SRC method, 
SRC-II method, Mitsui-SRC method, C-SRC method, 
H-Coal method, a solvent extraction method, a super- 
critical gas extraction method, STC method, a solvolysis 
method, CS/R method, IGT-SRT method, and NEDOL 

20 method. Regarding the partial liquefaction conditions, 
the temperature is in the range of 300 to 500 °C, and the 
pressure is in a range of 20 to 200 atm. 
[0172] When performed at low pressure, large 
amounts of char and heavy oil are obtained. However, in 

25 the case of the method and apparatus of the present 
invention, such char and tar can be used in the boiler. 
Thus, complete liquefaction is not necessarily per- 
formed. 

[01 73] Microwave irradiation to be used in the method 

30 and apparatus of the present invention will be explained 
hereinbelow by describing the case of using a solid 
boiler-oriented fuel such as coal by way of example. 
[01 74] Microwave irradiation is an operation of, prefer- 
ably, performing the partial decomposition of the fuel in 

35 the presence of hydrocarbon, and then cooling a distil- 
late by water or the like to thereby convert the distillate 
into a gas component, which does not condense, a liq- 
uefied component, which is adapted to condense, and a 
liquid component and a solid component, which are 

40 separated therefrom by decantation. 

[01 75] Microwave irradiation method may be either of 
a method by which microwaves are irradiated from the 
outside of a reactor, or another method by which micro- 
waves are irradiated in a reactor. Further, the micro- 

45 wave irradiation can be achieved by operations 
according to any of the batch system, the semi-batch 
system and the continuous method. 
[01 76] It is preferable that the microwave irradiation is 
performed in the presence of hydrocarbon. 

50 [0177] Examples of hydrocarbon include saturated 
aliphatic compound, unsaturated aliphatic compound, 
saturated alicyclic compound, unsaturated alicyclic 
compound and aromatic hydrocarbon, each molecule of 
which contains 1 to 20 carbon atoms (namely, carbon 

55 number is 1 to 20). Especially, a hydrocarbon gas is 
very preferable. Examples of hydrocarbon gas include 
methane, ethane, ethylene, acetylene, propane, propyl- 
ene, methylacetylene, butane, butene, butadiene, pen- 
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tane, hexane, heptane, benzene, toluene, xylene and 
cyclohexane. Hydrocarbon may be generated either by 
heating liquid hydrocarbon or by being accompanied 
with an inert gas. 

[0178] In the presence of hydrocarbon, the hydrocar- s 
bon is brought into a plasma state by microwave. This 
promotes a reaction thereof with coal. Consequently, a 
gas component, a liquid component and a residue can 
be generated efficiently from the boiler-oriented fuel 
such as coal. w 
[0179] Microwave irradiation can be performed even 
at ordinary (or room) temperature and even when 
heated. Heating may be simply performed on the reac- 
tor from the outside. However, preferably, a hydrocarbon 
gas having been heated to a predetermined tempera- 15 
ture is fed to the furnace which is then heated by this 
gas. Thus, the volatile matter is formed by being accom- 
panied with the heated gas. The heating temperature is 
not lower than 50 P C, preferably 100 to 1000 °C, and 
more preferably, not more than 600 °C. 20 
[0180] In the case of the microwave irradiation, the oil 
component includes mainly light gas oil, tar and alcohol 
component. When the decomposition in the presence of 
hydrocarbon such as hydrogen and methane is per- 
formed, the volume of hydrocarbon gas and light gas oil 25 
increase. 

[0181] Partial combustion gasification to be used in 
the method and apparatus of the present invention will 
be explained hereinbelow by describing the case, in 
which the boiler-oriented fuel is a mixture of heavy oil so 
and coal, by way of example. Even in the case that no 
catalyst is provided in the apparatus, the partial com- 
bustion gasification is performed. Moreover, in the pres- 
ence of an alkaline metal compound catalyst such as a 
potassium-carbonate catalyst, Ni-catalyst, Ni-dolomite 35 
catalyst and Ni-magnesia catalyst, the partial combus- 
tion gasification can be performed. 
[0182] In the case that the ratio of the coal is larger 
than that of the heavy oil, a method using a furnace 
such as a fixed bed furnace, a fluid furnace, a flow bed 40 
furnace, a melting layer furnace, a moving bed furnace, 
a fixed-bed-flow-bed combination furnace, a fluid-bed- 
flow-bed combination furnace or a flow-bed-melting- 
layer combination furnace are cited as the method of 
performing partial combustion gasification. 45 
[0183] In contrast, in the case that the ratio of the 
heavy oil is larger than that of the coal, a method such 
as ERE flexicoking method. Ube heavy oil gasification 
method, Shell gasification method, Texaco partial oxida- 
tion method, or a coal heat medium method which is so 
substituted for a coke heat medium method (KK 
method) is cited as the method of performing partial 
combustion gasification. 

[0184] In the case of ERE flexicoking method, the mix- 
ture of the coal and the heavy oil (hereunder referred to 55 
simply as a raw material) is supplied to a reactor. Then, 
the heavy oil is thermally decomposed on the heating 
coal or coke fluidized in the reactor and is separated 



into a distillate and a residue (namely, the coal or coke). 
The residue adhering to the heating coal or coke is sent 
to a heater chamber in which the residue is heated by 
the coke and gas put back from a gasrfier to 600 to 650 
°C. Thereafter, the residue is recycled to the reactor. A 
part of the residue, which has been sent to the heater 
chamber, is sent to the gasrfier in which the part of the 
residue is then gasified by air and steam at a tempera- 
ture of 925 to 975 °C. Thereafter, the resultant gas is 
returned to the heater chamber. A part of the residue 
placed in the heater chamber is taken out as a boiler 
fuel, while the remaining part thereof is recycled to the 
reactor. 

[0185] In the case of the fluid coking method that is 
used in pneumatic thermal decomposition of heavy oil 
instead of ERE flexing coking method, a residue adher- 
ing onto a heating coke is sent to a burner chamber in 
which the residue is heated by being supplied with air. 
Thereafter, the residue is recycled to the reactor. Part of 
the residue placed in the burner chamber is taken out 
therefrom as a boiler fuel, while the remaining part 
thereof is recycled to the reactor. 
[0186] Decomposition furnace of the Commbo Flexi- 
coker type can be used for heavy oil whose viscosity is 
high. 

[0187] In the case of Ube heavy oil gasification proc- 
ess, the raw material is supplied to a fluid bed decompo- 
sition furnace, in which the raw material is decomposed 
at a temperature of 500 to 900 °C by using oxygen. 
Then, steam is supplied thereto together with oxygen to 
thereby lower the partial pressure of the heavy oil. Thus, 
the decomposition is promoted, and thus the steam 
serves to hold the furnace temperature. If decomposi- 
tion occurs at a temperature of 500 to 600°C, the oil 
content increases. If decomposition occurs at a temper- 
ature of 800 to 900 °C, the gas component increases. 
Residue is obtained by causing the char to disperse into 
glutinous oil residue, and can be used as a boiler fuel. 
[0188] Fluid bed is made by only the coal, which is 
added to the furnace as a raw material. Further, a 
spherical refractory material may coexist. 
[01 89] In the case of Shell gasification method, a raw 
material is supplied to a gasification furnace after being 
preheated. Then, air or oxygen gas is blown into this fur- 
nace. Thus, the raw material is oxidized at a tempera- 
ture of about 1500 °C and at a pressure of the 
atmospheric pressure to 100 atm, especially, at a pres- 
sure which is not higher than 20 atm in the case of using 
air, or at a pressure which is not lower than 30 atm in the 
case of using an oxygen gas. Thus, the partial gasifica- 
tion is performed. Gas exhausted from the gasification 
furnace is washed by heavy oil to be used as the raw 
material, and is further used as a fuel for a gas turbine 
after removing fine particles of carbon and ash there- 
from. Heavy oil suspension containing the fine particles 
of carbon and ash is employed as a raw material for the 
gasification furnace by adding atomized coal thereto 
after removing moisture therefrom. Gas exhausted from 
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the gasification furnace is washed by using naphtha and 
the like separated from a distillate by distillation and the 
like and thus is adapted so that moisture can be easily 
separated therefrom. 

[0190] In the case of the air oxidization method, s 
although nitrogen, which is 60 % or so, is mixed into the 
material, there is obtained a gas which has a pressure 
of 20 atm and has a heat quantity of 1000 kcal/m 3 , 
which is used in the gas turbine as it is. 
[0191] In the case of Texaco partial oxidization 10 
method, a raw material is mixed with water vapor and is 
preheated at about 380 °C, and is further supplied to a 
reactor together with air or oxygen. Then, a reaction 
occurs in the reactor at a temperature of 1 ,200 to 1 ,500 
°C and at a pressure of 20 to 150 atm. Gas exhausted 15 
from the reactor is cooled quickly by water. Simultane- 
ously, a shift reaction of the exhausted gas Dto hydro- 
gen and carton dioxide occurs. Further, the obtained 
gas is used in a gas turbine. Carbon suspended in water 
is extracted by using the oil component or the fuel oil 20 
and is mixed with the raw material. 
[0192] In the case of the coal heat medium method, a 
raw material is supplied to a reactor column, and water 
vapor is supplied from the bottom portion of the reactor 
column. Further, an undecomposed residue containing 25 
coal or coke (hereunder referred to simply as undecom- 
posed residue) which is heated in a reheater is recycled 
to the reactor, in which the raw material is mainly ther- 
mally decomposed. Distillate produced by the thermal 
decomposition is exhausted from the top portion of the 30 
reactor and is used as a gas-turbine fuel. A part of the 
undecomposed residue is supplied from an upper por- 
tion of the reactor to a lower portion of the reheater. The 
remaining part of the undecomposed residue is used as 
a residue, namely, as a boiler fuel. Vapor is supplied 35 
from the bottom portion of the reheater. Moreover, air or 
oxygen is blown into the reheater from a middle portion 
thereof, and the undecomposed residue is burned and 
is thus heated. A part of the heated undecomposed res- 
idue is recycled from a upper portion of the reheater to 40 
a lower portion of the reactor. Moreover, a combustion 
gas is exhausted from the top portion of the reheater. In 
the case of this method, in addition to the partial oxida- 
tion, gasification due to a water-gas gasification is 
caused by an operation of blowing vapor into the 45 
reheater. 

[01 93] Especially, in the case that the ratio of the coal 
is high, for instance, methods respectively using a fixed 
bed furnace, a fluid furnace, a flow bed furnace, a melt- 
ing layer furnace, a moving bed furnace, a fixed-bed- so 
flow-bed combination furnace, a fluid-bed-flow-bed 
combination furnace and a flow-bed-melting-layer com- 
bination furnace are cited as methods of performing the 
partial combustion gasification. 

[0194] Especially, the aforementioned methods used 55 
in the case that the ratio of the coal is high, the ratio by 
weight among coal, oxygen (incidentally, in the case of 
using air, oxygen contained in the air) and water to be 



added to a mixture of coal and fuel oil depends on the 
methods of performing the partial combustion gasifica- 
tion. Further, let the weight of the mixture of the coal and 
the fuel oil be 1 , the ratio by weight of the added oxygen 
to the mixture of the coal and the fuel oil is not more 
than about 1.0:1, and the ratio by weight of the added 
water to the mixture of the coal and the fuel oil is not 
more than 3:1 . Preferably, the ratio by weight of the oxy- 
gen to the mixture of the coal and the fuel oil is 0.1 to 
0.5. Moreover, the ratio by weight of the water to the 
mixture of the coal and the fuel oil is 0.5 to 2.0. The 
processing temperature is the temperature of the fur- 
nace and ranges from about 300 to 1600 °C. The pres- 
sure ranges from the atmospheric pressure to 100 atm. 
Therefore, a distillate can be obtained by applying a 
pressure, which is in the range between the atmos- 
pheric pressure and 100 atm. 
[01 95] Water vapor source depends on the kind of the 
aforesaid partial combustion gasification furnace, and 
uses water, drain water, low-pressure steam and high- 
pressure steam. Water may be mixed with coal, and 
may be fed to the partial combustion gasification fur- 
nace as the coal/water-fluid. Similarly, water may be fed 
to the partial combustion gasification furnace as the 
heavy-oil/water-fluid or the mixture-of-the-coal-and-the- 
heavy-oi l/water-fluid. 

[0196] As the ratio by weight of water vapor to be 
added becomes closer to 3, a carbon-monoxide-to- 
hydrogen shift reaction proceeds. Thus, the ratio by 
weight of hydrogen contained in the distillate increases. 
As the ratios by weight of oxygen and water become 
smaller, the gasification becomes similar to the thermal 
decomposition. Thus, the gas content decreases, while 
the liquid content increases. 
[0197] Hydrogen, carton monoxide, carbon dioxide, 
hydrocarbon, a part of the generated gas component, 
an oil component or alcohol may be added to air, oxy- 
gen and water vapor. 

[0198] Preferably, the gasification temperature is not 
higher than 1000°C, and more preferably, the gasifica- 
tion temperature is not higher than 600°C. 
[01 99] In the apparatus of the present invention, in the 
case that a distillate is once changed into a gas or a 
mixture of a gas and liquid, solid substances are 
scarcely mixed thereinto. However, if necessary, the 
solid substances mixed thereinto can be removed by a 
cyclone, a filter or a strainer. 
[0200] Partial processing temperature according to 
the present invention is, preferably, not higher than 1000 
°C, and more preferably, is not higher than 600 °C, and 
most preferably, is not higher than 500 °C. Thus, Na 
salt, K salt and V compound are hardly mixed into a dis- 
tillate. Gas-turbine fuel having preferable quantity can 
be obtained as it is, or by a simple separation operation 
such as distillation. 

[0201] Although a distillate (D) can be used as a gas 
turbine fuel (A) as it is, a non-condensible gas compo- 
nent (V) and a condensible liquid component, which are 
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obtained by cooling the distillate, can be used as a gas 
turbine fuel (A). 

[0202] Sometimes, a distillate (D) contains ordinary 
nitrogenous compounds such as ammonia, sulfide such 
as hydrogen sulfide, high-molecular-weight hydrocar- 
bon, and tar in addition to the gas component (V). 
[0203] Gas component (V) may be refined by washing 
with a liquid component (to be described later), an oil 
component, and the other washing agent. Further, 
hydrogen sulfide may be removed by desulfurization 
equipment after being dedusted. 
[0204] Moreover, a distillate or a gas, which are in a 
high-temperature and high-pressure state, may be sup- 
plied to a gas-turbine combustion chamber by using a 
cyclone and a filter. 

[0205] Liquid component includes a moisture and an 
oil component (O). Further, if necessary, only the oil 
component (0) is utilized as a gas turbine fuel by sepa- 
rating a moisture from the liquid component. Inorganic 
matter such as a salt is condensed in a moisture. Thus, 
when a gas turbine is used, it is preferable to use only 
the oil component (0). The separated moisture contains 
alcohol, carboxylic acid and tar acid, and is, therefore, 
mixed into the boiler fuel (B). Furthermore, the liquid 
component, the moisture or the oil component may be 
used by removing solid materials therefrom by means of 
a strainer or a filter. 

[0206] Oil component (O) is, mainly, naphtha, kero- 
sene, light oil or tar, and is obtained by the partial 
decomposition of the boiler-oriented fuel (F) and/or is 
obtained as a result of diluting volatile matter included in 
the fuel (F) as it is. 

[0207] Oil component (O) may be used after being 
refined and separated by distillation or the like. Salt 
components, such as sodium, potassium and calcium 
components, and inorganic matter such as lead and 
vanadium are condensed in a distillation residue. Thus, 
if distilled and refined, a more desirable gas turbine fuel 
(G) is obtained. In this case, the residue (R*) can be 
mixed into the boiler fuel (B). 
[0208] Apparatus of the present invention may be 
adapted so that a mixture of a gas component and an oil 
component is burned in a single gas turbine. Alterna- 
tively, the apparatus of the present invention may be 
adapted so that a gas turbine for burning gas and a gas 
turbine for burning oil are individually provided therein to 
burn a gas component and an oil component, respec- 
tively. Especially, in the latter case, it is preferable that 
one or more gas turbines for burning gas and one or 
more gas turbines for burning oil are provided corre- 
spondingly to one boiler in the apparatus. 
[0209] Pressure of an exhaust gas at an outlet of the 
gas turbine may be the atmospheric pressure. Alterna- 
tively, the exhaust gas may be pressurized at the outlet 
of the gas turbine. Setting the pressure of the exhaust 
gas at the atmospheric pressure enables the effective 
utilization of energy of a high-temperature and high- 
pressure combustion gas. When the exhaust gas of the 



gas turbine is applied to the boiler and the exhaust gas 
is burned again, the residual heat, pressure and oxygen 
can be utilized by using a conventional boiler which can 
operate at the atmospheric pressure. 

5 [021 0] Contents of impurities contained in the gas tur- 
bine fuel (G) are, for example, as follows: a sodium con- 
tent and a potassium content, a sum of which is, 
preferably, not more than 0.5 ppm by weight; a vana- 
dium content which is, preferably, not more than 0.5 

10 ppm by weight; a calcium content which is preferably 
not more than 0.5 ppm by weight because a calcium 
component results in hardest deposit or sludge; and a 
lead content which is, preferably, not more than 0.5 ppm 
by weight because lead causes corrosion and reduces 

15 the effects of magnesium additive for preventing an 
occurrence of corrosion. 

[021 1 ] Consequently, such a desirable gas turbine fuel 
can be obtained by the partial processing of the boiler- 
oriented fuel according to the present invention. 

20 [021 2] In the case of the partial combustion gasifica- 
tion of a mixture of coal and heavy fuel, a residue varies 
with kinds of coal and fuel oil, the mixing ratio thereof, 
the degree of the partial combustion gasification of the 
mixture, and processing conditions. Further, in some 

25 case, a residue is obtained in a state in which char or 
coke is dispersed in a glutinous oil residue. Further- 
more, a residue of the mixture is sometimes obtained as 
being coked entirely. However, one of such states of the 
residue of the mixture is selected according to the type 

30 of the boiler. 

[021 3] The residue of the coal is char in the case of 
performing the low-temperature carbonization, and is 
coke in the case of conducting the high-temperature 
carbonization, and is a substance, which keeps the 

35 shape of the coal, in the case of performing the thermal 
decomposition carbonization because no sintering 
occurs. In the description of the method and apparatus 
of the present invention, such a residue is referred to as 
a thermal decomposition carbonization residue. 

40 [021 4] Although largely depending on the kind of the 
coal, the yield of char in the case of performing the low- 
temperature carbonization is higher than that of coke in 
the case of performing the high-temperature carboniza- 
tion. The yield of a residue in the case of performing the 

45 thermal decomposition carbonization is further higher 
than that of char and sometimes reaches 800 kg/t coal 
or so. 

[021 5] In the case of performing the microwave irradi- 
ation, a residue is a decomposition carbonation residue 
so or char, and has high calorific power of 5000 to 6500 
kcal/kg. 

[021 6] In the case of performing the partial water-gas 
gasification and the partial combustion gasification, res- 
idues are obtained in the form of powder, or of a lump as 
55 a result of being soften and molten, or as coke or char, 
depending upon kinds of coal, the degree of the partial 
water-gas gasification of the mixture, and processing 
conditions. In residues, ash component, various kinds 
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of salt components, or turbine blade corrosion compo- 
nents such as vanadium are condensed. 
[021 7] In the case of the partial processing of fuel oil, 
residues are high-viscosity oil, dried-up matter or coke. 
[0218] In the case of the partial processing of a mix- 
ture of fuel oil and coal fuel oil, residues are a mixture of 
the aforementioned residues in the case of the process- 
ing of the coal and of the fuel oil. 
[0219] In the case of the partial processing of waste 
plastic, residues are decomposition residues and high- 
viscosity oil. 

[0220] In the case of the method and apparatus of the 
present invention, the boiler for burning residues can 
achieve both the combustion of residues at the atmos- 
pheric pressure and the combustion in a pressurized 
condition. Therefore, the method and apparatus of the 
present invention are implemented easily and economi- 
cally by utilizing a power generation facility, which 
employs a conventional boiler that has both a radiation 
heat transfer surface and a convection heat transfer sur- 
face, without extensively modifying a facility. 
[0221] In the case of the apparatus of the present 
invention, the surface temperature of a tube of the boiler 
is low. namely, about 600 °C. Thus, even if salts derived 
from alkaline metal or alkaline earth metal, or vanadium 
(V) component are contained therein, the boiler can be 
used. Further, a characteristic aspect of the present 
invention resides in that a residue, in which these impu- 
rities are condensed, can be burned. 
[0222] The ratio between the heat quantity consumed 
in a gas turbine and that consumed in a steam turbine is 
(20 to 60 %) : (80 to 40 %) during the turbines are fully 
operational. The preferable ratio is (30 to 55%) : (70 to 
45 %), and the more preferable ratio is (35 to 50 %) : (65 
to 50%). 

[0223] Therefore, the ratio between the heat quantity 
provided from the gas turbine fuel (A) and that provided 
from the boiler fuel (B) should be within the aforemen- 
tioned range of the ratios. 

[0224] In the case where electric power is generated 
by using only a distillate (D) and a residue (R) that are 
obtained by the partial processing of the boiler-oriented 
fuel (F), the ratio between the heat quantity of the distil- 
late (or the oil component or the refined oil component) 
and that of the residue is adjusted to a value within the 
aforementioned range of ratios. Further, in the case 
where electric power is generated by using the combi- 
nation of the gas-turbine-oriented fuel (G') ( the boiler- 
oriented fuel (FX and a distillate (D) and a residue (R) 
that are obtained by the partial processing of the boiler- 
oriented fuel (F), the ratio of the heat quantity of the gas 
turbine fuel (A) to the boiler fuel (B), which are obtained 
after such a combination, is adjusted to a value within 
the aforementioned range of ratios. 
[0225] In the case that the ratio of the heat quality of 
the gas turbine fuel to that of the boiler fuel is too low in 
comparison with the values of the ratio of the aforemen- 
tioned range, the efficiency in power generation is not 



increased so much. Further, it is necessary for making 
the ratio of the heat quality of the gas turbine fuel 
thereto exceed the aforementioned range to achieve 
complete gasification or severe processing. Thus, the 
s method and apparatus of the present invention become 
uneconomical in respect of the cost for equipment and 
processing. 

[0226] Moreover, regarding the ratio of the heat quan- 
tities of the gas turbine fuel to that of the boiler fuel, the 

10 combustion exhaust gas from the gas turbine is sup- 
plied to the boiler in which the residues can be burned. 
Thus, the heating value and the residual oxygen in the 
combustion exhaust gas of the gas turbine can be effec- 
tively utilized. Consequently, the thermal efficiency can 

15 be enhanced by performing the exhaust gas re-burning 
combined cycle power generation. 
[0227] In addition, a sum of Na content and K content 
in the fuel for a gas turbine (G), or in the gas turbine (A) 
which is obtained by mixing the fuel for a gas turbine 

20 (G), which is derived from the distillate, with the gas-tur- 
bine-oriented fuel (G 1 ) can be made to be equal to or 
less than 0.5 ppm, and moreover, V content in the fuel 
(G) is made to be equal to or less than 0.5 ppm. Conse- 
quently, there can be easily obtained a gas turbine fuel 

25 by which the turbine blades resist corrosion even if used 
for a long time period. 

[0228] Moreover, an appropriate fuel can be used by 
being selected according to the circumstances from a 
fuel having little effect on the environment, a low-cost 
30 fuel or a surplus fuel and so forth while adjusting the 
ratio of the heat quantities of the gas-turbine-oriented 
fuel to the boiler fuel to a value of the aforementioned 
ratio. 

[0229] Therefore, in the case that the power genera- 

35 tion is performed by the method and apparatus of the 
present invention, the power generation is carried out by 
using surplus kerosene in seasons in which home heat- 
ing is unnecessary, by using a by-product gas as gas- 
turbine-oriented fuel in the case that methane gas is 

40 produced as a by-product, or by using the boiler-ori- 
ented fuel such as waste plastic or producing a gas tur- 
bine fuel and a boiler fuel by the partial processing of 
the boiler-oriented fuel when the processing of the 
boiler-oriented fuel is necessary. Consequently, the 

45 power generation can be achieved optimally according 
to quantities of resources, and the costs and the envi- 
ronment of the power generation apparatus. 
[0230] The aforesaid partial processing of the boiler- 
oriented fuel will be described briefly theoretically here- 

50 inbelow by omitting the description of complex heat 
loss. 

[0231 ] For example, the partial processing of a boiler- 
oriented fuel having a heating value of 100 Meal (mega- 
calories) is performed, so that the boiler-oriented fuel is 
55 separated into a distillate, which has a heating value of 
45 Meal, and a residue which has a heating value of 55 
Meal. Further, one third (1/3) of the heating value of the 
distillate (15 Meal) is converted into electric power, and 
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the rest of the distillate, which corresponding to the combustion exhaust gas derived from the gas turbine 

remaining heating value of the distillate (30 Meal), contains 13 % by volume oxygen at a temperature of 

becomes a gas-turbine combustion exhaust gas. The 580 °C. Therefore, the combustion exhaust gas from the 

temperature of this combustion exhaust gas is 450 to gas turbine is supplied to the boiler, and this residue can 

700°C. This combustion exhaust gas contains oxygen 5 be burned. Further, 731 MW of electric power can be 

which is 10 to 15 % by volume. When this combustion obtained by means of a steam turbine. Namely, 1,000 

exhaust gas (whose heating value is 30 Meal) is sup- MW of power can be generated by using 7,398 t/day of 

plied to the boiler and the residue (whose heating value the same coal. Further, the net thermal efficiency can 

is 55 Meal) is burned, a part of the residue, whose heat- be increased to 45 %. 

ing value is 90 % (namely, 76.5 Meal) of that of the 10 [0237] Particularly, it has been found that coal, such 
entire residue, is converted into steam. Further, the as low grade brown coal, which is rich in volatile matter 
remaining part of the residue, whose heating value is 1 0 a nd has a heating value of the distillate to the heating 
% (namely, 8.5 Meal) of that of the entire residue, is lost value of the entire coal ranging 20 % to 60 %, more pref- 
as a boiler exhaust gas. When the power generation is erably not less than 30 %, and most preferably, 35 % to 
performed by means of a steam turbine by using the y5 50 %, can be effectively utilized. Further, as compared 
generated steam (having a heating value of 76.5 Meal), with t he complete gasification of the coal, it is easy to 
heat quantity of 35.2 Meal is converted into electric extract the volatile matter as the distillate. Moreover, the 
power at a thermal efficiency of 46 %. Namely, only 50.2 raw material is not oxidized. Thus, a fuel having little 
Meal of the entire heating value of the boiler-oriented impurity, such as Na, K or V, can be obtained by main- 
fuel (100 Meal) is converted into electric power. 20 taining the initial heating value and by performing the 
[0232] In contrast, in the case that electric power is processing at a low temperature, 
generated by simply supplying the boiler-oriented fuel to [0238] Furthermore, in the case that 1000 MW of 
the boiler as in the case of a conventional apparatus, 90 power is generated by simply burning heavy oil (HHV 
% (90 Meal) of the heating value of the fuel is converted basis 9800 kcal/kg) by means of the boiler to generate 
into steam by burning the boiler-oriented fuel which has 25 steam, and generating electric power by means of a 
a heating value of 100 Meal. When electric power is steam turbine, 5265 t/day of heavy oil is needed. Inci- 
generated by a steam turbine, heat quantity of 43 Meal dentally, the net generation efficiency is 40 % (HHV 
is converted into electric power at thermal efficiency of basis). 

48 %. Namely, only 41 .4 Meal of the heat quantity (1 00 [0239] In contrast, in the case that the power genera- 
Meal) of the entire coal is converted into electric power. 30 tion is performed in accordance with the present inven- 
[0233] Namely, in accordance with the present inven- tion, the thermal decomposition of 4481 t/day of the 
tion, the boiler-oriented fuel is separated into the distil- same heavy oil is effected at a temperature of 480 °C by 
late and the residue by performing the partial the visbreaking method. Further, 1824 t/day of a gas 
processing of the boiler-oriented fuel. Thus, a gas tur- turbine fuel is obtained by a simplified topping. Then, 
bine fuel and a boiler fuel, which have suitable quality, 35 312 MW of power can be generated by gas-turbine 
can be obtained in such a manner that the ratio of heat power generation using this gas turbine fuel. Combus- 
quantities of the gas turbine fuel to the boiler fuel corre- tion exhaust gas derived from the gas turbine contains 
sponds to the aforementioned heat-quantity ratio. More- 13 % by volume of oxygen at 580 °C. Thus, a residue 
over, a fuel can be produced and combined cycle power can be burned by supplying the combustion exhaust 
generation can be conducted easily and economically. 40 gas, which is derived from the gas turbine, to a boiler. 
[0234] The aforementioned relation between the Further, 688 MW of power can be generated by a steam 
present invention and the conventional apparatus will turbine. Namely, 1000 MW of power can be generated 
be described hereunder in a more practical manner by by using 4481 t/day of the same heavy oil. Moreover, the 
using the typical boiler-oriented fuel which is a more net generation efficiency can be increased to 47 %. 
typical fuel. 45 [0240] Especially, diverse kinds of raw materials can 
[0235] In the case that steam is first generated by sim- be used as the heavy oil. Furthermore, as compared 
ply burning coal (HHV basis 6200 kcal/kg) containing 30 with the complete gasification of the heavy oil, it is easy 
% by weight of volatile matter by means of the boiler, to obtain a component, which is easily separated by the 
and that 1000 MW of electric power is generated by a thermal decomposition, as a distillate. Moreover, the 
steam turbine, 8536 1 of coal per day are needed. More- so raw material is not oxidized. Thus, a fuel having little 
over, the net thermal efficiency is 39 % (HHV basis). impurity, such as Na, K or V, can be obtained by main- 
[0236] In contrast, in the case of generating electric taining the initial heating value and by performing the 
power by the apparatus of the present invention, 7398 processing at a low temperature, 
t/day of the same coal are carbonized at 450 °C. Thus, [0241 ] These hold true for the case of using a mixture 
2005 t/day of a gas turbine fuel corresponding to the vol- 55 of coal and another boiler-oriented fuel, or a mixture of 
atile matter contained in the coal are obtained. Further, fuel oil and another boiler-oriented fuel, or, specially, a 
269 MW of power can be generated by the gas-turbine mixture of coal and fuel oil, in addition to the herein- 
power generation by utilizing this gas turbine fuel. The above-mentioned case of using the fuel oil singly, and 
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also hold good in the case of changing a usual fuel rate, 
for example, lowering the ratio of the distillate at the time 
of an occurrence of surplus kerosene and using kero- 
sene as an auxiliary fuel of a gas-turbine-oriented fuel, 
or conversely lowering the ratio of the residue. 5 
[0242] Further, the apparatus of the present invention 
is placed in juxtaposition with a facility, such as an oil 
purification plant, a steelmaking plant or a chemical 
plant, in which a gas-turbine-oriented fuel and a boiler- 
oriented fuel are obtained at a same place. Further, the 10 
apparatus of the present invention can perform the 
aforesaid combined-cycle power generation, preferably, 
an exhaust gas re-burning combined cycle power gen- 
eration by using the gas-turbine-oriented fuel and the 
boiler-oriented fuel supplied from each of the plants. 15 
[0243] Oil purification plant receives crude oil or other 
various raw materials and fuels and can supply gas-tur- 
bine-oriented fuels such as hydrogen, LPG, petrochem- 
ical naphtha, aviation gasoline, mobile gasoline, jet fuel, 
kerosene and diesel light oil, and can also supply boiler- 20 
oriented fuels such as fuel oil A, fuel oil B, fuel oil C, 
residual oil under reduced pressure, asphalt, petroleum 
coke and pitch. 

[0244] Consequently, the power generation apparatus 
of the present invention can perform combined-cycle 25 
power generation, preferably, exhaust-gas re-burning 
combined cycle power generation without being pro- 
vided with a partial processing unit, by using the gas- 
turbine-oriented fuel and the boiler-oriented fuel, which 
are provided for itself so that the ratio between the heat- 30 
ing values of these fuels is adjusted to the aforemen- 
tioned ratio therebetween. 

[0245] Similarly, in the steel making plant, a blast fur- 
nace gas, which contains carbon monoxide and hydro- 
gen, or a coke oven gas, which is produced at the time 35 
of making coke and is rich in hydrogen, methane and 
carbon monoxide, is obtained. Further, such a blast fur- 
nace gas or a coke oven gas is used as the gas-turbine- 
oriented fuel. Moreover, a carbonaceneous residue 
obtained from the steelmaking plant, coke used in steel- 40 
making, coal which is the raw material of the coke, nat- 
ural gas for heating iron ore, heavy oil, or pulverized 
coal is used as the boiler-oriented fuel. Furthermore, 
the gas-turbine-oriented fuel and the boiler-oriented fuel 
are used so that the ratio between the heating values of 45 
these fuels is adjusted to the aforementioned ratio ther- 
ebetween. Consequently, the apparatus of the present 
invention can perform combined-cycle power genera- 
tion, preferably, exhaust-gas re-burning combined cycle 
power generation without being provided with a partial so 
processing unit. 

[0246] Further, similarly, a chemical plant receives at 
least one of raw material and fuel, such as LNG, butane, 
naphtha, fuel oil or coal, and causes synthetic reactions 
or the like. Thereafter, flammable gases, such as hydro- 55 
gen, carbon monoxide, methane, ethane, ethylene, pro- 
pane, propylene and a stack gas, and/or liquid products, 
whose boiling point at the atmospheric pressure is not 



higher than 500 °C, are supplied from the plant as the 
gas-turbine-oriented fuel. On the other hand, tar and 
defective discharged from the plant or heavy oil and 
coal used as the raw material and fuel of chemical 
plants can be used as the boiler-oriented fuel. Conse- 
quently, the power generation apparatus of the present 
invention can perform combined-cycle power genera- 
tion, preferably, exhaust-gas re-burning combined cycle 
power generation without being provided with a partial 
processing unit, by using the gas-turbine-oriented fuel 
and the boiler-oriented fuel so that the ratio between the 
heating values of these fuels is adjusted to the afore- 
mentioned ratio therebetween. 
[0247] Examples of the chemical plants are as follows: 
an olef in/aromatic products manufacturing plant for per- 
forming naphtha cracking; a general-purpose resin 
manufacturing plant for manufacturing various general- 
purpose resins such as polyolefine, polystyrene and 
polyvinyl chloride; a resin manufacturing plant for pro- 
ducing polyester, nylon, polyurethane, polyacrylonitrile, 
polyvinyl acetate, and polyacetal; and a plant for pro- 
ducing low molecular chemicals such as ammonia, 
urea, ammonium sulfate, ammonium nitrate, melamine, 
acrylonitrile, methanol, formalin, acetaldehyde, acetic 
acid, vinyl acetate, pentaerythritol, ethanol, propanol, 
butanol, octanol, ethylene oxide, propylene oxide, glyc- 
erin, phenol, bisphenol, aniline, diphenyl methane diiso- 
cyanate, tolylene diisocyanate, aceton, methyl isobutyl 
ketone, maleic anhydride, acrylic acid, polyacrylic acid, 
methacrylic acid, polymethacrylic acid and acrylic 
amide. 

[0248] The method and apparatus of the present 
invention can be applied to a combinat (or industrial 
complex), namely, combinations of various plants, such 
as an oil purification plant, a petrochemical plant, an 
ironworks, a steelworks, a food processing plant and a 
thermal electric power station. 
[0249] Further, the apparatus of the present invention 
is placed in juxtaposition with a coal mine and uses coal 
and a coal seam gas as the boiler-oriented fuel and the 
gas-tuitine-oriented fuel, respectively, so that the ratio 
between the heating values of these fuels is adjusted to 
the aforementioned ratio therebetween. Consequently, 
the apparatus of the present invention can perform com- 
bined-cycle power generation, preferably, exhaust-gas 
re-burning combined cycle power generation without 
being provided with a partial processing unit. 
[0250] Furthermore, the power generation apparatus 
of the present invention uses methane, which is gener- 
ated by fermenting sludge, chicken dropping, or bean 
curd lees or the like produced in a "tofu (soy bean cake)" 
producing process, and dried residue thereof as the 
gas-turbine-oriented fuel and the boiler-oriented fuel, 
respectively, in such a manner that the ratio between 
the heating values of these fuels is adjusted to the 
aforementioned ratio therebetween. Thus, the appara- 
tus of the present invention can perform combined-cycle 
power generation, preferably, exhaust-gas re-burning 
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combined cycle power generation without being pro- 
vided with a partial processing unit. 
[0251] Thus, the power generation apparatus of the 
present invention can achieve efficient power genera- 
tion by being placed in juxtaposition with a facility, such s 
as an oil purification plant, a steelmaking plant or a 
chemical plant, and by generating electric power at a 
same place, namely, in a same business establishment 
by using a gas-turbine-oriented fuel and a boiler-ori- 
ented fuel produced from such a plant. Thus, generated 10 
power can be utilized not only as power to be consumed 
in each plant itself, but as power for sale. Consequently, 
the power generation method and apparatus of the 
present invention can make up for a deficiency in elec- 
tric power at the peak of demands therefor. 15 
[0252] Hereinafter, some embodiments of the present 
invention will be described in detail by referring to the 
accompanying drawings. 

[0253] Further, only primary portions of a power gen- 
eration apparatus embodying the present invention are 20 
shown in the drawings. Namely, the drawing of devices 
such as pumps, heat exchangers, cyclones, strainers, 
filters, storage tanks, solid-matter transporting means 
and heating-gas generating equipment, attachments, 
flue gas denitrizers, desulfurizers and decarbonators is 25 
omitted for simplicity of drawing. 
[0254] Next, composing portions for performing the 
methods of the partial decomposition of a boiler-ori- 
ented fuel will be described hereunder correspondingly 
to such methods, respectively, by referring to FIG. 1 . 30 

A) Carbonization 

[0255] In the apparatus of FIG. 1 , preferably, coal 1 is 
preliminarily dried. Further, such coal 1 is supplied to 35 
partial decomposition processing means (in this case, a 
carbonization device, more particularly, a low-tempera- 
ture carbonization device) 2. Then, the coal 1 is heated 
to a predetermined temperature by using a heating gas 
15 which has been separately generated by burning a 40 
fuel. Thus, a distillate 3 is obtained by being accompa- 
nied with the heating gas 15. On the other hand, a resi- 
due (in this case, char) 4 is discharged from the bottom 
part of the partial decomposition processing means 2. 

45 

B) Microwave Irradiation 

[0256] In the apparatus of FIG. 1 , preferably, coal 1 is 
preliminarily dried. Further, such coal 1 is supplied to 
partial decomposition processing means (in this case, a so 
microwave irradiation device) 2. Then, the partial 
decomposition is performed on the coal 1 together with 
a hydrocarbon gas 15', instead of the heating gas 15. As 
a result, a distillate 3 is obtained. Further, a residue 4 is 
discharged from the bottom part of the partial decompo- 55 
sition processing means 2. 



C) Partial Water-Gas Gasification 

[0257] In the apparatus of FIG. 1 , coal 1 is supplied to 
partial decomposition processing means (in this case, 
the partial water-gas gasification means, and more par- 
ticularly, a fixed-bed gasification furnace) 2 after the 
moisture content in the coal 1 is measured. Then, the 
partial water-gas gasification is performed on the coal 1 
at a predetermined temperature, at a predetermined 
pressure and for a predetermined reaction time, 
together with a heating gas 15' which has been sepa- 
rately generated by burning a fuel and to which a prede- 
termined amount of water vapor is added, instead of the 
heating gas 15. As a result, a distillate 3 is obtained 
from the top part of the partial water-gas processing 
means 2. Further, a residue 4 is discharged from the 
bottom part thereof. 

D) Partial Combustion Gasification of Coal 

[0258] In the case of the partial combustion gasifica- 
tion, the process is different in the following respects 
from that of the case of the carbonization. 
[0259] In the apparatus of FIG. 1 , coal 1 is supplied to 
partial decomposition processing means (in this case, 
the flow-bed gasification means) 2. Then, the partial 
combustion gasification is performed on the coal 1, to 
which a predetermined amount of air (or oxygen) 17 and 
water vapor 18 are added, instead of the heating gas 
15, at a predetermined temperature, at a predetermined 
pressure and for a predetermined reaction time. As a 
result, a distillate 3 is obtained from the top part of the 
partial decomposition processing means 2. Further, a 
residue 4 is discharged from the bottom part thereof. 

E) Partial Combustion Gasification of A Mixture of Coal 
and Heavy Oil 

[0260] In the apparatus of FIG. 1 , a mixture 1 of coal 
and fuel oil is supplied to partial combustion processing 
means (in this case, the flow-bed gasification means) 2. 
Incidentally, the coal and the fuel oil may be supplied 
separately from each other to the means 2. Then, the 
partial combustion gasification is performed on the mix- 
ture 1 , to which a predetermined amount of air (or oxy- 
gen) 17 and water vapor 18 are added, instead of the 
heating gas 15, at a predetermined temperature, at a 
predetermined pressure and for a predetermined reac- 
tion time. As a result, a distillate 3 is obtained from the 
top part of the partial combustion gasification process- 
ing means 2. Further, a residue 4 is discharged from the 
bottom part thereof. 

F) Thermal Decomposition 

[0261 ] In the apparatus of FIG. 1 , a boiler-oriented fuel 
(in this case, fuel oil) 1 for partial decomposition is sup- 
plied to thermal decomposition processing means 
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(using the visbreaking method in this case) 2. Then, the 
partial decomposition is performed on the boiler-ori- 
ented fuel 1 at a predetermined temperature, at a pre- 
determined pressure and for a predetermined reaction 
time. Thus, a distillate 3 is obtained from the top part of 5 
the thermal decomposition processing means 2. Fur- 
ther, a residue 4 is discharged from the bottom part 
thereof. Incidentally, in the case of the thermal decom- 
position of heavy oil, there is no need for blowing the 
heating gas 1 5 thereto. 10 
[0262] In the apparatus of FIG. 1, the distillate 3 
obtained by various kinds of the partial processing is 
supplied to a combustion chamber 23 of a gas turbine 
(consisting of a main body 21 , air compressor 22 and a 
combustion chamber 23). Then, the distillate 3 is mixed 15 
with compressed air (incidentally, oxygen enriched air 
may be used instead of the compressed air) 25. When 
burned, the high-temperature and high-pressure driving 
combustion gas 27 is generated. Further, the gas tur- 
bine is driven by the combustion gas for driving 27. 20 
Then, electric power is generated by a generator 24 for 
a gas turbine, which is mounted on a shaft of the gas 
turbine. 

[0263] On the other hand, the residue 4 is supplied to 
a boiler 31, in which the residue 4 is burned by being 25 
supplied with air 35. Thus, steam 32 is generated. The 
generated steam 32 is then fed to a steam turbine 33. 
Thereby, a generator 34 for the steam turbine, which is 
mounted on the shaft of the steam turbine, generates 
electric power. Condenser 37 is provided in the steam 30 
turbine 33. Further, the condenser 37 condenses the 
steam in a negatively pressurized state. Further, the 
condenser 37 condenses the exhaust gas of the steam 
tuitoine, so that condensate is separated from the 
exhaust gas. Then, the condensate is recycled to the 35 
boiler 31 together with make-up water as boiler feedwa- 
ter38. 

[0264] In the aforementioned apparatus, a high-tem- 
perature gas-turbine exhaust gas 28 exhausted from 
the gas turbine can be supplied to the boiler 31 by an 40 
exhaust-gas supplying means. In the gas turbine 
exhaust gas 28, 10-15 % by volume of oxygen is left. 
Method of burning the residue 4 (namely, by burning the 
exhaust-gas again) in the boiler 31 by this oxygen can 
increase the thermal efficiency in the combined cycle 45 
power generation, because of the facts that there is no 
need for newly feeding air 35 (usually, at ordinary tem- 
perature) thereinto and that the heat of the exhaust gas 
can be utilized. Moreover, the exhaust-gas treatment 
can be achieved economically. Therefore, this method is so 
preferable. 

[0265] Needless to say, the air 35 may be mixed into 
the gas-turbine exhaust gas 28 so as to burn the resi- 
due. 

[0266] Further, heat recovery is achieved by first sup- 55 
plying the gas-turbine exhaust gas 28 to another heat 
recovery boiler and then generating steam. Alterna- 
tively, the heat-recovery-boiler exhaust gas is supplied 



to the boiler. Then, the exhaust-gas re-burning of the 
residue 4 by the exhaust gas can be performed in the 
boiler 31 by using the residual heat and 10-15 % by vol- 
ume of residual oxygen in the exhaust gas. 
[0267] The exhaust gas supplying means is consti- 
tuted by a duct for supplying a gas-turbine exhaust gas 
to the boiler. Further, if necessary, the exhaust gas sup- 
plying means may be provided with a valve, a thermom- 
eter, a flow meter and an oxygen content meter. 
[0268] In the apparatus of FIG. 1 , portions for perform- 
ing the methods of the partial separation of the boiler- 
oriented fuel are similar to the separation methods fol- 
lowing the partial decomposition of the boiler-oriented 
fuel. In these portions, heating, pressure reduction, top- 
ping, flushing, distillation, extraction, decantation 
(namely, an operation of pouring off without stirring up 
sediment) and a mixture of these operations are used. 
[0269] As illustrated in FIG. 2, the distillate 3 is cooled 
by the heat exchanger 16, so that the distillate 3 is sep- 
arated into a gaseous component and a liquid compo- 
nent which are then washed in the gas washing column 
5. Thus, the distillate 3 is separated into a gas compo- 
nent 6 and a liquid component 7. Incidentally, the liquid 
component 7 is used as a cleaning agent to be used in 
the gas washing column 5. The cleaning agent is sup- 
plied to the top part of the gas washing column 5, where 
vapor-liquid contact can be caused. The gas compo- 
nent 6 is supplied by a gas component compressor 26 
to the combustion chamber 23. 
[0270] Alternatively, the liquid component 7 in the gas 
washing column 5 may be cooled and then supplied to 
the top part of the gas washing column 5. 
[0271 ] Although the liquid component 7 itself may be 
used as a gas turbine fuel, only an oil component 9 
obtained by separating a water layer 10 therefrom 
through a separating tank 8 may be used as the gas tur- 
bine fuel. The water layer 10 may be added to a fuel for 
the boiler 31. 

[0272] As illustrated in FIG. 3, the oil component 9 
may be refined by refining means (for instance, distilla- 
tion). The oil component 9 is supplied to the distilling 
column 11, in which the oil component 9 is separated 
into a refined distillate 12 and a residue 13. The refined 
distillate 12 is supplied to the combustion chamber 23 
as the gas turbine fuel. The residue 13 is added to the 
boiler 31 as a fuel therefor. 

[0273] Even when using the gas turbine, this purifica- 
tion can prevent the gas turbine from being corroded 
due to V-component. Consequently, the life of the gas 
turbine can be increased. 

[0274] Hereinafter, the case of using both the gas-tur- 
bine-oriented fuel 101 and the boiler-oriented fuel 102 
will be described with reference to the drawings. 
[0275] In the apparatus of FIG. 4, which is placed in 
juxtaposition with a facility (not shown), such as an oil 
purification plant, a steelmaking plant or a chemical 
plant, a gas-turbine-oriented fuel 101 is supplied to the 
combustion chamber 23 of the gas turbine (consisting of 
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the main body 21, the air compressor 22 and the com- 
bustion chamber 23). Then, the fuel 101 is mixed with a 
compressed air (alternatively, oxygen enriched air can 
be used) 25. Further, this mixture is burned, so that the 
high-temperature and high-pressure driving combustion 
gas 27 is generated. Subsequently, the gas turbine is 
driven by the driving combustion gas 27. Then, electric 
power is generated by the generator 24 for the gas tur- 
bine, which is mounted on the shaft of the gas turbine. 
The gas turbine exhaust gas 28 exhausted from the gas 
turbine is supplied to the boiler 31 . 
[0276] On the other hand, a boiler-oriented fuel 102 
generated by the plant is supplied to the boiler 31, in 
which the fuel 102 is burned by being supplied with air 
35. Thus, steam 32 is generated. The generated steam 
32 is then fed to the steam turbine 33. Then, the gener- 
ator 34 for the steam turbine, which is mounted on the 
shaft of the steam turbine, generates electric power. 
Condenser 37 is provided in the steam turbine 33. Fur- 
ther, the condenser 37 condenses the steam in a nega- 
tively pressurized state. Further, the condenser 37 
condenses the exhaust gas of the steam turbine 33, so 
that condensate is separated from the exhaust gas. 
Then, the condensate is recycled to the boiler 31 
together with the make-up water as the boiler feedwater 
38. 

[0277] In the aforementioned apparatus, a high-tem- 
perature gas-turbine exhaust gas 28 exhausted from 
the gas turbine can be supplied to the boiler 31 by an 
exhaust-gas supplying means. In the gas turbine 
exhaust gas 28, 10-15 % by volume of oxygen is left. 
Method of burning the boiler-oriented fuel 102 (namely, 
by performing the exhaust-gas re-burning) in the boiler 
31 by this oxygen can increase the thermal efficiency in 
the combined cycle power generation, because of the 
facts that there is no need for newly feeding the air 35 
(usually, at ordinary temperature) thereinto and that the 
temperature of the exhaust gas is high. Moreover, the 
exhaust-gas treatment can be achieved economically. 
Therefore, this method is preferable. 
[0278] Needless to say, the air 35 may be added to the 
gas-turbine exhaust gas 28 so as to burn the boiler-ori- 
ented fuel 102. 

[0279] Further, heat recovery is achieved by first sup- 
plying the gas-turbine exhaust gas 28 to another heat 
recovery boiler and then generating steam. Alterna- 
tively, the heat-recovery-boiler exhaust gas is supplied 
to the boiler. Then, the boiler-oriented fuel 102 can be 
processed by a method (namely, the exhaust-gas re- 
burning method) of burning the fuel 102 in the boiler 31 
by using the residual heat and 10-15 % by volume of 
residual oxygen in the exhaust gas. 
[0280] Thus, the power generation can be achieved 
efficiently, without newly providing a facility for perform- 
ing the partial processing of the boiler-oriented fuel, by 
utilizing the gas-turbine-oriented fuel 101 and the boiler- 
oriented fuel 102 produced from the plant. 
[0281] FIG. 5 illustrates an example of a process 



using a gas turbine fuel and a boiler fuel that are 
obtained by the partial processing of the boiler-oriented 
fuels 102 and 1. 

[0282] As illustrated in this figure, the boiler-oriented 

s fuel 1 to be treated partially is supplied to the partial 
processing means (in this case, a fluid-bed gasification 
furnace for coal) 2. Then, predetermined amounts of air 
(or oxygen) 17 and water vapor 18 are added thereto. 
Then, the partial combustion gasification is performed 

10 at a predetermined temperature, at a predetermined 
pressure, and for a predetermined reaction time. Thus, 
the distillate 3 is obtained from the top part of the partial 
combustion gasification processing means 2, while the 
residue 4 is discharged from the bottom part thereof. 

is [0283] The distillate 3 itself is supplied to the combus- 
tion chamber 23 of the gas turbine as a gas turbine fuel, 
and is then mixed with the compressed air 25. Subse- 
quently, this mixture is burned, so that the high-temper- 
ature and high-pressure combustion gas for driving 27 

20 is generated. Then, the gas tuitine is driven by the 
combustion gas for driving 27. Then, electric power is 
generated by the generator 24 for the gas turbine, which 
is mounted on the shaft of the gas turbine. The gas-tur- 
bine exhaust gas 28 exhausted from the gas turbine is 

25 supplied to the boiler 31 . 

[0284] On the other hand, the residue 4 is supplied as 
a boiler fuel, together with the boiler-oriented fuel 102 to 
the boiler 31 , in which the residue 4 is burned by being 
supplied with the air 35. Thus, steam 32 is generated. 

30 The generated steam 32 is then fed to the steam turbine 
33. Thereby, the generator 34 for the steam turbine, 
which is mounted on the shaft of the steam turbine, gen- 
erates electric power. Condenser 37 is provided in the 
steam turbine 33. Further, the condenser 37 condenses 

35 the steam in a negatively pressurized state. Further, the 
condenser 37 condenses the exhaust gas of the steam 
turbine, so that condensate is separated from the 
exhaust gas. Then, the condensate is recycled to the 
boiler 31 together with make-up water as the boiler 

40 feedwater 38. 

[0285] In the aforementioned apparatus, the high-tem- 
perature gas-turbine exhaust gas 28 exhausted from 
the gas turbine can be supplied to the boiler 31 and can 
be utilized for the exhaust-gas re-burning method. By 

45 the exhaust-gas re-burning method, the thermal effi- 
ciency in the combined cycle power generation can be 
enhanced. Moreover, the exhaust-gas treatment can be 
achieved economically. Therefore, this method is prefer- 
able. Needless to say, the air 35 may be mixed into the 

so gas-turbine exhaust gas 28 so as to burn the boiler-ori- 
ented fuel 102 and the residue 4. 
[0286] Further, heat recovery is achieved by first sup- 
plying the gas-turbine exhaust gas 28 to another heat 
recovery boiler and then generating steam. Alterna- 

55 tively, the heat-recovery-boiler exhaust gas is supplied 
to the steam boiler. Then, the exhaust-gas re-burning of 
the boiler-oriented fuel 102 and the residue 4 can be 
performed in the boiler 31 by using the residual heat 
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and 10-15 % by volume of residual oxygen in the 
exhaust gas. 

[0287] FIG. 6 illustrates an example of a process 
using a gas-turbine-oriented fuel in addition to a boiler- 
oriented fuel, gas turbine fuel and a boiler fuel that are 
obtained by the partial processing of the boiler-oriented 
fuel. 

[0288] As illustrated in FIG. 6, the boiler-oriented fuel 
1 to be treated partially is supplied to the partial 
processing means (in this case, carbonization means) 
2. Then, predetermined amounts of air (or oxygen) 17 
and water vapor 18 are added thereto. Then, the partial 
combustion gasification is performed at a predeter- 
mined temperature, at a predetermined pressure, and 
for a predetermined reaction time. Thus, the distillate 3 
is obtained from the top part of the partial combustion 
gasification processing means 2, while the residue 4 is 
discharged from the bottom part thereof. 
[0289] The distillate 3 itself is supplied to the combus- 
tion chamber 23 of the gas turbine together with the 
gas-turbine-oriented fuel 101, and is then mixed with 
the compressed air 25. Subsequently, this mixture is 
burned, so that the high-temperature and high-pressure 
driving combustion gas for driving 27 is generated. 
Then, the gas turbine is driven by the combustion gas 
for driving 27. Then, electric power is generated by the 
generator 24 for the gas turbine, which is mounted on 
the shaft of the gas turbine. The gas turbine exhaust 
gas 28 exhausted from the gas turbine is supplied to the 
boiler 31. 

[0290] By this method, the gas turbine fuel and the 
boiler fuel are manufactured by performing the partial 
processing of an inexpensive fuel, for example, coal. 
Further, the fuel oil to be urgently treated is utilized as 
the boiler-oriented fuel 102 which is not subject to the 
partial processing. In contrast, kerosene, which 
becomes surplus seasonally, is utilized as a gas-tur- 
bine-oriented fuel. Thus, various fuels can be utilized in 
combination. Moreover, the ability in power generation 
can be improved only by small investment, in compari- 
son with the cost of increasing the ability of the partial 
processing means in such a manner as to be able to 
deal with variation in demands for electric power. 
[0291] FIG. 7 is a process flow chart illustrating the 
case that the distillate of FIG. 6 is further separated into 
a gas component and a liquid component. 
[0292] As illustrated in FIG. 7, the distillate 3 is cooled 
by the heat exchanger 16, so that the distillate 3 is sep- 
arated into a gaseous component and a liquid compo- 
nent which are then washed in the gas washing column 
5. Thus, the distillate 3 is separated into the gas compo- 
nent 6 and the liquid component 7. Incidentally, the liq- 
uid component 7 is used as the cleaning agent to be 
used in the gas washing column 5. The cleaning agent 
is supplied to the top part of the gas washing column 5, 
where vapor-liquid contact can be caused. The gas 
component 6 is supplied by the gas component com- 
pressor 26 to the combustion chamber 23. 



[0293] Alternatively, the liquid component 7 in the gas 
washing column 5 may be cooled and then supplied to 
the top part of the gas washing column 5. 
[0294] Although the liquid component 7 itself may be 
5 used as the gas turbine fuel, only an oil component 9 
obtained by separating the water layer 10 therefrom 
through a separating tank 8 may be used as the gas tur- 
bine fuel. The water layer 10 may be added to a fuel for 
the boiler 31. 

10 [0295] Moisture is separated and eliminated from the 
distillate by this method, so that the gas turbine fuel 
does not contain the moisture. Thus, the volume of the 
combustion chamber of the gas turbine can be reduced. 
Additionally, sodium and potassium salts and inorganic 

15 substances such as vanadium hardly mix into a gas tur- 
bine fuel. Consequently, a fuel desirable for the gas tur- 
bine can be obtained. 

[0296] As illustrated in FIG. 8, the oil component 9 
may be refined by refining means (for instance, distilla- 

20 tion). The oil component 9 is supplied to the distilling 
column 11, in which the oil component 9 is separated 
into the refined distillate 12 and the residue 13. The 
refined distillate 12 is supplied to the combustion cham- 
ber 23 as the gas turbine fuel. The residue 13 is added 

25 to the boiler 31 as a fuel therefor. 

[0297] This refining (or purification) results in reduc- 
tion in salt content and in vanadium content. The gas 
turbine can be fully prevented from being corroded due 
to the salt content and vanadium content. Conse- 

30 quently, the life of the gas turbine can be further 
increased. 

[0298] Further, the produced distillate and residue are 
used in the aforementioned combined cycle power gen- 
eration. Furthermore, the produced distillate and resi- 

35 due are partly used in the other external fuel and 
synthetic raw material. These are included in the basic 
idea of the present invention. 
[0299] As above described, in accordance with the 
present invention, fuels achieve the maximum effects 

40 when used in the combined cycle power generation. 
Thus, it is preferable that the power generation equip- 
ment of the present invention is placed in juxtaposition 
with a facility (not shown) in which the boiler-oriented 
fuel or a gas-turbine-oriented fuel is obtained, for exam- 

45 pie, a stope for mining coal, oil or natural gas, a petro- 
leum refining plant, an ironworks, a fermentation facility, 
waste disposal site and various kinds of chemical 
plants. 

so Examples 

[0300] Hereunder, operations of the present invention 
will be described in the following practical examples 
which are merely illustrative, and the present invention 
55 is not to be regarded as limited thereto. 

[0301 ] First, practical examples of the carbonization of 
coal will be described hereinbelow 
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Example A-1 

[0302] High-temperature carbonization of 1000 kg/hr 
of the following dried coal is performed at a temperature 
of about 1000 °C by using the apparatus of FIG. 1 . As a 
result, a distillate and coke are obtained. 

Raw Material Coal (after dried) 

[0303] 

Moisture Content: 2% by weight 
Volatile Matter: 30 % by weight 
Fixed Carbon: 51 % by weight 
Ash: 17% by weight 
Calorific Value: 5,780 kcal/kg 

Coke 

[0304] 

Production Rate: 550 kg/hr 
Volatile Matter: 2 % by weight 
Fixed Coal: 67 % by weight 
Ash: 31 % by weight 
Calorific Value: 6,300 kcal/kg 

Gas Component 



[0305] 



10 



of the following dried coal is performed at a temperature 
of about 600 °C by using the apparatus of FIG. 2. As a 
result, a distillate and char are obtained. The distillate is 
cooled and washed by a liquid component. Further, a 
water layer is separated therefrom by the separating 
tank. Thus, a gas component and an oil component are 
obtained. 

[031 0] The gas component and the oil component are 
used as the gas turbine fuel. The coke and the sepa- 
rated water layer in the distillate are used as the boiler 
fuel. 



Production Rate: 355 Nm 3 /hr 
Calorific Value: 5,050 kcal/Nm 3 



Raw Material Coal (after dried) 

15 [0311] 

Moisture Content: 4 % by weight 
Volatile Matter: 31 % by weight 
Fixed Carbon: 50 % by weight 
20 Ash: 15% by weight 

Calorific Value: 6,430 kcal/kg 

Char 

25 [0312] 

Production Rate: 669 kg/hr 
Volatile Matter: 1 1 % by weight 
Fixed Coal: 65 % by weight 
30 Ash: 24% by weight 

Calorific Value: 6,200 kcal/kg 

Gas Component 



Oil Component 
[0306] 

Production Rate: 57 kg/hr 
Calorific Value: 9,100 kcal/kg 



35 [0313] 



Production Rate: 180 Nm 3 /hr 
Calorific Value: 7,100 kcal/Nm 3 



40 Oil Component 



[0307] The aforementioned distillates (namely, the gas 
component and the oil component) are supplied to the 
gas turbine and are burned therein. The gas turbine 
exhaust gas is at a temperature of about 580 °C and 
contains about 14 % by volume of oxygen. The afore- 
mentioned residue (coke) can be burned by supplying 
the gas turbine exhaust gas to the boiler. Consequently, 
the efficiency in power generation is increased to 45 %. 
[0308] In contrast, in the case that steam is generated 
by simply burning the aforementioned coal by means of 
the boiler, and that electric power is generated by the 
steam turbine, the efficiency in power generation is 39 
%. 

Example A-2 

[0309] Low-temperature carbonization of 1 ,000 kg/hr 



[0314] 

Production Rate: 110 kg/hr 
45 Calorific Value: 9, 1 00 kcal/kg 

[0315] The aforementioned gas component is sup- 
plied to the gas turbine for burning gas, and the oil com- 
ponent is supplied to a gas turbine for burning oil. Then, 

50 electric power is generated. The gas turbine exhaust 
gas is at a temperature of about 580 °C and contains 
about 13 % by volume oxygen. Thus, water vapor is 
generated by supplying the gas-turbine exhaust gas to 
the heat recovery boiler. Thereafter, electric power is 

55 generated by supplying the char to the boiler by utilizing 
the heat-recovery-boiler exhaust gas. Consequently, 
the thermal efficiency in the combined cycle power gen- 
eration is 46 %. 
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Example A-3 

[0316] Thermal decomposition carbonization of the 
coal of Example A-2 is performed at a temperature of 
about 450 °C by using the apparatus of FIG. 2. As a 5 
result, a distillate and a residue are obtained. The distil- 
late is cooled and washed by a liquid component. Fur- 
ther, a water layer is separated therefrom by the 
separating tank. Thus, a gas component and an oil 
component are obtained. 10 
[031 7] The gas component and the oil component are 
used as the gas turbine fuel. The residue and the sepa- 
rated water layer are used as the boiler fuel. Then, 
these fuels are burned by supplying air. Sulfur content in 
each of the gas component and the liquid component is is 
0.52 % by weight. Na content, K content and Vanadium 
content are 0.5 ppm by weight. Therefore, even when 
using such a gas turbine fuel, no corrosion of the turbine 
blade and so on occurs. 

20 

Example A-4 

[0318] Thermal decomposition carbonization of the 
coal of Example A-1 is performed at a temperature of 
about 450 °C by using the apparatus of FIG. 3. As a 25 
result, a distillate and a residue are obtained. The distil- 
late is cooled and washed by a liquid component. Fur- 
ther, a water layer is separated therefrom by the 
separating tank. Thus, a gas component and an oil 
component are obtained. The oil component is sepa- 30 
rated into a refined distillate and a residual pitch by dis- 
tillation under reduced pressure. 
[031 9] The gas component and the refined distillate 
are used as the gas turbine fuel. The residue and the 
separated water layer are used as the boiler fuel. Then, 35 
these fuels are burned by supplying air. Sulfur content in 
each of the gas component and the liquid component is 
0.95 % by weight. Salt content and Vanadium content 
are 0.1 ppm by weight. Therefore, even when using 
such a gas turbine fuel , no corrosion of the turbine blade 40 
and so on occurs for a long time period. 

Example A-5 

[0320] Carbonization (or Dry Distillation) of 1.000 kg 45 
of the following dried coal was performed at a tempera- 
ture of about 500 °C by putting the coal into a flask and 
then heating the coal from the outside. As a result, a dis- 
tillate and char were obtained. 

50 

Raw Material WANBO Coal (after dried) 
[0321] 

Moisture Content: 3.5 % by weight 55 
Volatile Matter: 33 % by weight 
Fixed Carbon: 53.1 % by weight 
Ash: 10.4% by weight 



Gross Calorific Value: 7100 kcal/kg 
(Net Calorific Value: 6840 kcal/kg) 

Char 

[0322] 

Production Rate: 0.80 kg 
Volatile Matter: 1 6 % by weight 
Fixed Coal: 66 % by weight 
Ash: 13% by weight 
Gross Calorific Value: 6,825 kcal/kg 

Distillate 

[0323] 

Production Rate: 0.20 kg 

Gross Calorific Value: 8,200 kcal/kg 

[0324] Each of Na content, K content and V content 
was not larger than 0.5 mg/kg. The ratio between the 
heating values of the distillate and the residue was 
nearly 20:80. 

[0325] Combined cycle power generation can be per- 
formed by supplying the distillate and the char to the 
gas turbine and the boiler, respectively. 
[0326] However, in the case that the distillate is sup- 
pressed and is extracted when the ratio between the 
heating values of the distillate and the residue is 10:90, 
an increase in the efficiency in power generation is 
small even if the combined cycle power generation is 
performed. Thus, there is little merit in providing a facil- 
ity for the partial processing of the fuel. 

Example A-6 

[0327] Similarly as in the case of Example A-5, the 
carbonization of 1.000 kg of the coal was performed at 
an internal temperature of about 800 °C by putting the 
coal into a flask and then heating the coal from the out- 
side. As a result, a distillate and coke were obtained. 

Coke 

[0328] 

Production Rate: 0.69 kg 
Volatile Matter: 2.6 % by weight 
Fixed Coal: 77 % by weight 
Ash: 16% by weight 
Calorific Value: 6,650 kcal/kg 

Distillate 

[0329] 

Production Rate: 0.31 kg 
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Calorific Value : 8, 1 00 kcal/kg Oil Component 



[0330] The ratio between the heating values of the dis- 
tillate and the residue was 35:65. Na content, K content 
and V content in the distillate were 0.5 mg/kg, 2 mg/kg, s 
and 0.5 mg/kg or less, respectively. However, after the 
distillate was distilled under the atmospheric pressure, 
each of Na content, K content and V content in the dis- 
tillate was not more than 0.5 mg/kg. 
[0331 ] As can be understood from this example, it was 
very easy to obtain the distillate, whose heating value is 
equivalent to the volatile matter in the coal, as a gas tur- 
bine fuel for performing the combined cycle power gen- 
eration advantageously. 

[0332] Incidentally, very severe conditions are neces- 
sary for increasing the distillate so that the ratio 
between the heating values of the distillate and the res- 
idue exceeds 60:40. Moreover, the amount of oxygen 
contained in the gas turbine exhaust gas exceeds the 
necessary quantity thereof for burning the exhaust gas 
again. Consequently, the exhaust -gas loss increases. 

Example A-7 

[0333] Low-temperature carbonization of 100,000 
kg/hr of the following dried coal is performed at a tem- 
perature of about 500 °C by using the apparatus of FIG. 
1 . As a result, a distillate and char are obtained. The dis- 
tillate is used as the gas turbine fuel. The char is used 
as the boiler fuel. 

Raw Material Takashima Coal (dry basis) 
[0334] 

Volatile Matter: 44 % by weight 
Fixed Carbon: 50 % by weight 
Ash: 6% by weight 
Calorific Value: 7,900 kcal/kg 

Char 

[0335] 

Production Rate: 61,600 kg/hr 
Volatile Matter: 1 % by weight 
Fixed Coal: 67 % by weight 
Ash: 31 % by weight 
Calorific Value: 7,054 kcal/kg 

Gas Component 

[0336] 



[0337] 

Production Rate: 19,400 kg/hr 
Calorific Value: 9100 kcal/kg 

[0338] The aforementioned distillate (namely, the gas 
component and the oil component) and air (1 ,075,000 
m 3 /hr) are supplied to the gas turbine, and are burned 
therein. Then, 129 MW/hr of electric power is gener- 
ated. The gas-turbine exhaust gas is at a temperature of 
about 580 °C and contains about 13 % by volume oxy- 
gen. The aforementioned residue (namely, the char) is 
burned by supplying the gas-turbine exhaust gas to the 
boiler. Thereafter, 285 MW/hr of electric power can be 
generated by the steam turbine. Namely, the thermal 
efficiency in the power generation is increased to 45 %. 
[0339] In contrast, in the case that the partial process- 
ing of the coal is not performed but that the coal is 
burned simply by the boiler by using tile air (1,075,000 
m 3 /hr) and thus steam is generated and the power gen- 
eration is performed by using the steam turbine, the 
thermal efficiency in the power generation is 39 %. 
[0340] In the case of the method and apparatus of the 
present invention, all of the amount (namely, 1,075,000 
m 3 /hr) of the air may be added to the gas turbine. Alter- 
natively, the necessary amount of the air for the boiler 
combustion may be divided into smaller amounts of air, 
and thereafter, the smaller amounts of the air may be 
added to the boiler in sequence. 
[0341] Second, the microwave irradiation of the coal 
will be described by showing the following practical 
examples hereinbelow. 

Example B-1 

[0342] Microwave irradiation of 1 ,000 kg/hr of the fol- 
lowing dried coal is performed at a temperature of about 
300 °C by using the apparatus of FIG. 1 (incidentally, 
hydrocarbon gas is not supplied thereto). As a result, 
280 kg/hr of a distillate and 430 kg/hr of char are 
obtained. 

Raw Material Coal 

[0343] 

Moisture Content: 29 % by weight 
Volatile Matter: 31 % by weight 
Fixed Carbon: 35 % by weight 
Ash: 5 % by weight 
Calorific Value: 4,530 kcal/kg 



15 



20 



25 



30 



35 



40 



45 



Production Rate: 35,500 Nm 3 /hr 
Calorific Value: 5050 kcal/Nm 3 
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Char 
[0344] 

Volatile Matter: 11 % by weight 
Fixed Coal: 77 % by weight 
Ash: 11 % by weight 
Calorific Value: 6,000 kcal/kg 

Distillate 

[0345] 

Calorific Value: 6,960 kcal/kg 

[0346] The distillate is used as the gas turbine fuel, 
and on the other hand, the char is used as the boiler 
fuel. Thus, the combined cycle power generation can be 
performed. 

Example B-2 

[0347] Microwave irradiation of the coal is performed 
similarly as in the case of Example B-1, except that a 
methane gas is made to coexist in the apparatus. Thus, 
a distillate and a residue are obtained. 
[0348] The distillate is used as the gas turbine fuel, 
and the char is used as the boiler fuel. The gas-turbine 
exhaust gas is at a temperature of about 580 °C and 
contains about 13 % by volume oxygen. The char is 
burned by utilizing this gas turbine exhaust gas. Conse- 
quently, the thermal efficiency of the combined cycle 
power generation reaches 46 %. 
[0349] Therefore, as compared with the case of simply 
burning coal in the boiler and generating electric power 
by the steam turbine, the thermal efficiency of this 
example is high. 

[0350] Similarly as in the case of A series of the exam- 
ples, it is very easy to obtain the distillate as a gas tur- 
bine fuel for performing the combined cycle power 
generation advantageously. 

[0351 ] Further, in the case that the volume of the dis- 
tillate to be extracted and the ratio of the heating values 
of the distillate to the residue is 10:90, an increase in the 
efficiency in power generation is small even if the com- 
bined cycle power generation is performed. Thus, there 
is a little merit in providing a facility for the partial 
processing of the fuel. 

[0352] Furthermore, very severe conditions are nec- 
essary for increasing the volumn of the distillate to such 
an extent that the ratio of the heating values of the dis- 
tillate to the residue exceeds 60:40. Moreover, the 
amount of oxygen contained in the gas-turbine exhaust 
gas exceeds the necessary quantity for burning the 
exhaust gas again. Consequently, the exhaust-gas loss 
increases. 

[0353] Third, the partial water-gas gasification of the 
coal will be described by showing the following practical 
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examples hereinbelow. 
Example C-1 

s [0354] Partial water-gas gasification of 1000 kg/hr of 
the following coal is performed in the fluid bed gasrfier at 
a temperature of about 830 °C and at a weight ratio of 
water vapor to coal (water vapor/coal) = 0.3 by using the 
apparatus of FIG. 1 . As a result, a distillate and a resi- 
ze due are obtained. 

[0355] After the dedusting and desulf urization, the dis- 
tillate is used as the gas turbine fuel by maintaining the 
high temperature and pressure state thereof. The resi- 
due is used as the boiler fuel. 

15 

Raw Material Coal 
[0356] 

20 Moisture Content: 29 % by weight 
Volatile Matter: 31 % by weight 
Fixed Carbon: 35 % by weight 
Ash: 5 % by weight 
Calorific Value: 4,530 kcal/kg 

25 

Residue 
[0357] 

30 Production Rate: 300 kg/hr 

Volatile Matter: 3 % by weight 
Fixed Coal: 80 % by weight 
Ash: 17% by weight 
Calorific Value: 5,500 kcal/kg 

35 

Distillates: Gas Component, Oil Component and Water 

Gas Component 

40 [0358] 

Production Rate: 632 Nm 3 /hr 
Calorific Value: 2,500 kcal/Nm 3 

45 Oil Component 

[0359] 

Production Rate: 200 kg/hr 
so Calorific Value: 6,500 kcal/kg 

Water 

[0360] 

55 

Production Rate: 500 kg/hr 
[0361 ] The aforementioned distillates (namely, the gas 
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component and the oil component) are supplied to the 
gas turbine and are burned therein. The gas-turbine 
exhaust gas is at a temperature of about 580 °C and 
contains about 13 % by volume oxygen. The aforemen- 
tioned residue is burned by supplying the gas-turbine 
exhaust gas to the boiler. Consequently, the efficiency 
of power generation increases to about 45 %. 
[0362] In contrast, in the case that steam is generated 
by simply burning the aforementioned coal by means of 
the boiler, and that electric power is generated by the 
steam turbine, the efficiency of power generation is 
about 39%. 

Example C-2 

[0363] Partial Water-gas gasification of the coal of 
Example C-2 is performed by using the apparatus of 
FIG. 2, similarly as in the case of Example C-1 . As a 
result, a distillate and a residue are obtained. The distil- 
late is cooled and washed by a liquid component after 
dedusting and desulfurization. Further, a water layer is 
separated therefrom by the separating tank. Thus, a gas 
component and an oil component are obtained. Each of 
Na content, K content and V content is 0.5 ppm or so. 
[0364] The gas component and the oil component are 
used as the gas turbine fuel. The residue and the sepa- 
rated water layer are used as the boiler fuel. 

Example C-3 

[0365] Partial water-gas gasification of the coal is per- 
formed by using the apparatus of FIG. 3, similarly as in 
the case of Example C-1 . As a result, a distillate and a 
residue are obtained. The distillate is cooled and 
washed by a liquid component after dedusting and des- 
ulfurization. Further, a water layer is separated by the 
separating tank. Thus, a gas component and an oil 
component are obtained. The oil component is sepa- 
rated into a refined distillate and a residual pitch by dis- 
tillation under reduced pressure. 
[0366] The gas component and the refined distillate 
are used as the gas turbine fuel. The residue, the sepa- 
rated water layer and the residual pitch are used as the 
boiler fuel. Then, these fuels are burned by supplying 
air. Sulfur content in each of the gas component and the 
liquid component is 0.52 % by weight. Each concentra- 
tion of Na content, K content and V content is 0.1 ppm 
by weight. Therefore, even when such a gas turbine fuel 
is used, no corrosion of the turbine blade and so on 
occurs for a long time period. 

Example C-4 

[0367] Partial water-gas gasification of the coal is per- 
formed by using the apparatus of FIG. 3, similarly as in 
the case of Example C-1. As a result, a distillate and a 
residue are obtained. The distillate itself is cooled and 
washed by a liquid component. Further, a water layer is 
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separated by the separating tank. Thus, a gas compo- 
nent and an oil component are obtained. The oil compo- 
nent is separated into a refined distillate and a residuum 
by distillation under reduced pressure. 

5 [0368] The gas component and the refined distillate 
are used as the gas turbine fuel. The residue, the sepa- 
rated water layer and the residuum are used as the 
boiler fuel. Then, these fuels are burned by supplying 
air. Sulfur content in each of the gas component and the 

10 liquid component is 0.95 % by weight. Each of Na con- 
tent, K content and V content is 0.1 ppm by weight. 
Therefore, even when such a gas turbine fuel is used, 
no corrosion of the turbine blade and so on occurs. 

15 Example C-5 

[0369] The distillate obtained in Example C-1 is sup- 
plied to the gas turbine, and is then burned therein. The 
residue is supplied to the boiler. The gas-turbine 
20 exhaust gas is at a temperature of 580 °C. Further, the 
exhaust heat is recovered by the heat recovery boiler. 
Thereby, the thermal efficiency of the power generation 
is enhanced, in comparison with the case of simply 
burning the coal in the boiler and generating steam. 

25 

Example C-6 

[0370] The distillate obtained in Example C-2 is sup- 
plied to the gas turbine and are then burned therein. 

30 The gas-turbine exhaust gas is supplied to the boiler 
and is at a temperature of about 580 °C and contains 
about 1 3 % by volume oxygen. The residue is burned by 
utilizing this gas. Consequently, the thermal efficiency of 
the combined cycle power generation reaches 46 %. 

35 [0371 ] Similarly as in the case of A series of the exam- 
ples, it is very easy for these examples of C series to 
obtain the distillate as a gas turbine fuel for performing 
the combined cycle power generation advantageously. 
[0372] Further, in the case that the volume of the dis- 

40 filiate to be extracted and the ratio of the heating values 
of the distillate to the residue is 1 0:90, an increase of the 
efficiency of power generation is small even if the com- 
bined cycle power generation is performed. Thus, there 
is a little merit in providing a facility for the partial 

45 processing of the fuel. 

[0373] Furthermore, very severe conditions are nec- 
essary for increasing the volumn of the distillate to such 
an extent that the ratio of the heating values of the dis- 
tillate to the residue exceeds 60:40. Moreover, the 

so amount of oxygen contained in the gas turbine exhaust 
gas exceeds the necessary quantity for burning the 
exhaust gas again. Consequently, the exhaust loss 
increases. 

[0374] Fourth, the partial combustion gasification of 
55 the coal will be described by showing the following prac- 
tical examples hereinbelow. 
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Example D-1 

[0375] First, 1,000 kg/hr of the following coal, 500 
kg/hr of high-pressure vapor and 130 kg/hr of oxygen 
are supplied to the flow bed gasrfier, and subsequently, 5 
the partial combustion gasification of such coal is per- 
formed at a temperature of about 1 , 1 00 °C at a pressure 
of 40 atm by using the apparatus of FIG. 1 . As a result, 
a distillate and a residue are obtained. 

10 

Raw Material Coal 
[0376] 

Moisture Content: 25 % by weight 15 
Volatile Matter: 30 % by weight (dry basis) 
Fixed Carbon: 51 % by weight (dry basis) 
Ash: 1 7 % by weight (dry basis) 
Calorific Value: 5780 kcal/kg (dry basis) 

20 

Residue 
[0377] 

Production Rate: 400 kg/hr 25 
Volatile Matter: 1 % by weight 
Fixed Coal: 43 % by weight 
Ash: 56% by weight 
Calorific Value: 5000 kcal/kg 

30 

Distillates: Gas Component, Oil Component and Water 
Gas Component 

[0378] 35 

Production Rate: 652 Nm 3 /hr 
Calorific Value: 2600 kcal/Nm 3 

Oil Component 40 

[0379] 

Production Rate: 80 kg/hr 

Calorific Value: 8000 kcal/kg 45 
Water 
[0380] 

50 

Production Rate: 550 kg/hr 

[0381] The distillates are dedusted and desulfurized 
and are then used as the gas turbine fuel in the condi- 
tion of a high temperature and a high pressure. The res- 55 
idue is used as the boiler fuel. Thus, the combined cycle 
power generation can be performed. 



Example D-2 

[0382] Partial combustion gasification of the coal is 
performed by using the apparatus of FIG. 2, similarly as 
in the case of Example D-1 . As a result, a distillate and 
a residue are obtained. After the distillate is dedusted 
and desulfurized, the distillate is cooled and washed by 
a liquid component. Further, a water layer is separated 
therefrom by the separating tank. Thus, a gas compo- 
nent and an oil component are obtained. 
[0383] The gas component and the oil component are 
used as the gas turbine fuel. The residue and the sepa- 
rated water layer in the distillate are used as the boiler 
fuel. 

[0384] The obtained distillate is supplied to the gas 
turbine, and is then burned therein. The gas-turbine 
exhaust gas is supplied to the boiler. The gas-turbine 
exhaust gas is at a temperature of about 580 °C and 
contains about 13 % by volume oxygen. The remaining 
component is burned by utilizing this gas-turbine 
exhaust gas. Consequently, the thermal efficiency of the 
combined cycle power generation reaches 46 %. There- 
fore, even when such a gas turbine fuel is used in a gas 
turbine, no corrosion of the turbine blade and so on 
occurs. 

Example D-3 

[0385] Partial combustion gasification of the coal is 
performed by using the apparatus of FIG. 3, similarly as 
in the case of Example D-1 . As a result, a distillate and 
a residue are obtained. After the distillate is dedusted 
and desulfurized, the distillate is cooled and washed by 
a liquid component. Further, a water layer is separated 
therefrom by the separating tank. Thus, a gas compo- 
nent and an oil component are obtained. The oil compo- 
nent is separated into a refined distillate and a residual 
pitch by distillation under reduced pressure. 
[0386] The gas component and the refined distillate 
are used as the gas turbine fuel. The residue, the sepa- 
rated water layer and the residual pitch are used as the 
boiler fuel. Then, these fuels are burned by supplying 
air. Sulfur content in each of the gas component and the 
liquid component is 0.6 % by weight. Each of Na con- 
tent, K content and V content is 0.5 ppm by weight. 
Therefore, even when such a gas turbine fuel is used in 
a gas turbine, no corrosion of the turbine blade and so 
on occurs for a long time period. 

Example D-4 

[0387] The distillate obtained in Example D-1 is sup- 
plied to the gas turbine, and is then burned therein. The 
residue is supplied to the boiler. The gas-turbine 
exhaust gas is at a temperature of 580 °C. Further, 
steam is generated by the exhaust-heat recovery boiler. 
Thus, electric power is generated by the steam turbine. 
[0388] Similarly as in the case of A series of the exam- 
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pies, it is very easy for these examples of D series to 
obtain the distillate as a gas turbine fuel for performing 
the combined cycle power generation advantageously. 
[0389] Further, in the case that the volume of the dis- 
tillate to be extracted and the ratio of the heating values s 
of the distillate to the residue is 10:90, an increase of the 
efficiency of power generation is small even if the com- 
bined cycle power generation is performed. Thus, there 
is a little merit in providing a facility for the partial 
processing of the fuel. 10 
[0390] Furthermore, very severe conditions are nec- 
essary for increasing the distillate to such an extent that 
the ratio of the heating values of the distillate to the res- 
idue exceeds 60:40. Moreover, the amount of oxygen 
contained in the gas-turbine exhaust gas exceeds the 
necessary quantity thereof for burning the exhaust gas 
again. Consequently, the exhaust-gas loss increases. 
[0391] Fifth, the thermal decomposition of heavy oil 
will be described by showing the following practical 
examples hereinbelow. 

Example E-1 (Using Visbreaking Method) 

[0392] First, 1000kg/hr of the following heavy oil is 
supplied to a heating furnace during pressurized. Then, 
the thermal decomposition of the heavy oil is performed 
at a temperature of 480 °C. Subsequently, a side reac- 
tion is stopped by adding quenching oil to the heater. 
Thereafter, the heavy oil is supplied to the bottom part 
of a distilling column, so that a distillate and a residue 
are obtained. 

Raw Material Heavy Oil: Iranian Light Residual Oil 
under Reduced Pressure 

[0393] 

Specific Gravity: 1.01 (15/4°C) 
Viscosity: 100,000 cSt (50 °C) 
Sulfur content: 3.6 % by weight 

Residue 

[0394] 

Production Rate: 665 kg/hr 
Specific Gravity: 1.03 (15/4°C) 
Viscosity: 45,000 cSt (50 °C) 
Sulfur Content: 3.9 % by weight 
Percentage Content of Materials 
Having High Boiling Point 
0>35O°C): 78.5% by weight 
Calorific Value: 9000 kcal/kg 



Distillates: Gas Component and Oil Component 

Gas Component 

[0395] 

Production Rate: 35 kg/hr 
Calorific Value: 10,400 kcal/Nm 3 

Oil Component 

[0396] 

Production Rate: 300 kg/hr 
Calorific Value: 10,000 kcal/kg 

[0397] The distillates are supplied to the gas turbine 
and are burned therein. The gas-turbine exhaust gas is 
supplied to the boiler and is at a temperature of about 
580 °C and contains about 13 % by volume of oxygen. 
The residue is burned by using this gas. Consequently, 
the thermal efficiency of combined cycle power genera- 
tion reaches 46 %. 

[0398] As compared with the fact that the thermal effi- 
ciency of power generation is about 40 % when steam 
is generated by simply supplying the heavy oil to the 
boiler and electric power is generated by the steam tur- 
bine, the present invention enhances the thermal effi- 
ciency of power generation considerably. 

Example E-2 (Using Fluid Coking Method) 

[0399] First, 1000kg/hr of the following heavy oil is 
supplied to a reactor. Then, the thermal decomposition 
of the heavy oil is performed at a temperature of 500 °C 
and is separated into a distillate and a residue. Subse- 
quently, the residue extracted from the bottom part of 
the reactor is supplied to the burner chamber. Then, air 
is blown into this chamber and the residue is heated. A 
part of coke is extracted from a middle part of the burner 
chamber. Further, the remaining coke is circulated from 
the bottom part of the burner -chamber to the reactor. 

Raw Material Heavy Oil: Residual Oil under Reduced 
Pressure at Temperature £ 566 °C 

Condorason Carbon Residue: 26.5 % by weight 

[0400] 

Specific Gravity: 1.05 (15/4°C) 
Vanadium Content: 890 ppm by weight 
Sulfur content: 3.6 % by weight 
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Residue 
[0401] 

Production Rate of Coke: 260 kg/hr 
Sulfur Content: 5 % by weight 
Calorific Value: 6000 kcal/kg 

Distillates: Gas Component and Oil Component Reac- 
tor Gas Component 

[0402] 

Production Rate: 130 kg/hr 
Calorific Value: 10,400 kcal/Nm 3 

Oil Component (Naphtha and Light Oil) 

[0403] 

Production Rate: 540 kg/hr 
Calorific Value: 10,000 kcal/kg 

[0404] All of the gas component of the distillates and 
a part of the oil component thereof are used as the gas 
turbine fuels. The rest of the oil component and the res- 
idue are used as the boiler fuels. 

Example E-3 (Using Delayed Coking Method) 

[0405] First, 1000kg/hr of the following heavy oil is 
supplied to the bottom part of a distilling column. Then, 
the heavy oil is separated into a distillate and a residue 
(namely, a high boiling liquid). Subsequently, the resi- 
due extracted from the bottom part of the distilling col- 
umn undergoes the thermal decomposition at a 
temperature of 470 °C in a heating furnace to such an 
extent that no coke content is caused. Then, the residue 
is supplied to a coke drum. Thereafter, the residue is 
separated into the distillate and the residue (namely, 
coke). This residue is further separated into a gas com- 
ponent and an oil component. 

Raw Material Heavy Oil: Minas Residual Oil under 
Reduced Pressure 

[0406] 

Residual Carbon: 1 0.9 % by weight 
Specific Gravity: 0.939 (15/4°C) 
Sulfur content: 0.16 % by weight 

Residue 

[0407] 

Production Rate of Coke: 191 kg/hr 
Sulfur Content: 0.4 % by weight 



Calorific Value: 6000 kcal/kg 
Distillates: Gas Component and Oil Component 
5 Gas Component 
[0408] 

Production Rate: 70 kg/hr (10 mol % of hydrogen, 
10 36 mol % of methane, 1 8 mol %of ethane, 1 8 mol % 
of ethylene, 21 mol % of propane, 21 mol % of pro- 
pylene, 15 mol % of butane and 15 mol % of 
butene) 

Calorific Value: 10,400 kcal/Nm 3 

15 

Oil Component (Naphtha and Light Oil) 
[0409] 

20 Production Rate: 739 kg/hr 

Calorific Value: 10,000 kcal/kg 

[041 0] All of the gas component of the distillates and 
a part of the oil component thereof are used as the gas 
25 turbine fuels. The rest of the oil component and the res- 
idue are used as the boiler fuels. 

Example E-4 (Using EUREKA Method) 

30 [0411] First, 1000kg/hr of the following heavy oil is 
supplied to the bottom part of a distilling column. Then, 
the heavy oil is separated into a distillate and a residue 
(namely, a high boiling point liquid). Subsequently, the 
residue extracted from the bottom part of the distilling 

35 column undergoes the thermal decomposition at a tem- 
perature of 400 °C in a heater to the extent that no coke 
content is caused. Then, the residue is supplied to a 
reactor. Thereafter, the thermal decomposition of the 
residue is further performed for two hours by blowing 

40 steam into the reactor. Subsequently, the distillate 
obtained from the reactor is added to the aforesaid dis- 
tilling column and is separated into the distillate and the 
residue. Upon completion of cooling, a pitch is 
exhausted from the bottom part of the reactor. The pitch 

45 is cut into flake-like pieces which are used as boiler 
fuels. The distillate is further separated into a gas com- 
ponent, condensed water and an oil component. Fur- 
thermore, the oil component is separated into a light oil 
component and heavy oil component. The gas compo- 

so nent and the light oil component are used as the gas tur- 
bine fuel, while the heavy oil component and the pitch 
are used as the boiler fuel. 



55 



Raw Material Heavy Oil: Residual Oil under Reduced 
Pressure at Temperature £ 500 °C 

[0412] 

Residual Carbon: 20 % by weight 
Specific Gravity: 1.017 (15/4°C) 
Vanadium Content: 200 ppm by weight 
Sulfur content: 3.9 % by weight 

Residue 
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for burning gas, and the oil component is supplied to a 
gas turbine for burning oil. Thus, the power generation 
is performed. The residue is used as the boiler fuel and 
is burned by supplying air thereto. Sulfur content in each 

5 of the gas component and the liquid component is 1 % 
by weight. A sum of Na content and K content is not 
more than 0.5 ppm by weight. Further, a vanadium con- 
tent is not more than 0.5 ppm by weight. Therefore, in 
the case of both of the gas turbine for burning gas as 

10 well as in the case of the gas turbine for burning oil, no 
corrosion of the turbine blade and so on occurs. 



[0413] 

Production Rate of Pitch: 290 kg/hr 
Vanadium Content: 690 ppm by weight 
Sulfur Content: 5.7 % by weight 
Calorific Value: 9000 kcal/kg 

Distillates: Gas Component, Condensed water and Oil 
Component 

Gas Component 

[0414] 

Production Rate: 90 kg/hr (Sulfur Content 13 % by 
weight) 

Calorific Value: 10,400 kcal/Nm 3 

Oil Component (Light Oil Component and Heavy Oil 
Component) 

[0415] 

Production Rate of Light Oil Component: 220 kg/hr 
Calorific Value thereof: 10,000 kcal/kg 
Production Rate of Heavy Oil Component: 400 
kg/hr 

Calorific Value thereof: 9000 kcal/kg 



Example E-6 

15 [0419] The distillate obtained in Example E-1 is sup- 
plied to the gas turbine and is then burned therein. The 
residue is supplied to the boiler. The gas-turbine 
exhaust gas is at a temperature of 580 °C. Further, 
steam is generated by the heat recovery boiler. Thus, 

20 electric power is generated by the steam turbine. 

Example E-7 (Contact Coking of Bitumen) 

[0420] First, 1 0OOkg/hr of the following raw material is 
25 heated by a coil heater, so that the raw material is 
brought into a fluid state. Then, the raw material is sup- 
plied to the reactor. Subsequently, the thermal decom- 
position of the raw material is performed at a 
temperature of 480 °C and is separated into a distillate 
30 and a residue. Subsequently, the residue (adhering 
onto a seed coke) extracted from the bottom part of the 
reactor is supplied to a heater chamber. Then, air is 
blown into this chamber and the residue is heated. A 
part of the heated coke is circulated from the bottom 
35 part of the heater chamber to the reactor. Further, a part 
of the coke is extracted from the middle part of the 
heater chamber. 

Raw Material Dry Tar: Great Canadian Oil Sand Bitu- 
40 men 



[041 6] All of the gas component, and the light oil com- 
ponent of the distillates are supplied to the gas turbine 
as the fuels therefor. Further, electric power is gener- 
ated by using the gas turbine. The heavy oil component 
and the pitch of the residue are used as the boiler fuel to 
produce steam. Furthermore, electric power is gener- 
ated by using the steam turbine. 



[0421] 

Ramsbottom Carbon Residue: 1 1 % by weight 
45 Specific Gravity: 1 .016 (20/4°C) 
Viscosity: 11,000 cSt(38°C) 
Vanadium Content: 140 ppm by weight 
Sulfur Content: 4.7 % by weight 



Example E-5 

[041 7] Thermal decomposition of the heavy oil is per- 
formed, similarly as in the case of Example E-1. As a 
result, a distillate and a residue are obtained. After the 
distillate is desulfurized, the distillate is cooled and sep- 
arated, and a gas component and an oil component are 
obtained. 

[041 8] The gas component is supplied to a gas turbine 



so Residue 
[0422] 

Production Rate of Pitch Coke: 650 kg/hr 
55 Sulfur Content: 6 % by weight 
Calorific Value: 9000 kcal/kg 
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Distillates: Gas Component and Oil Component 

Reactor Gas Component 

[0423] 

Production Rate: 30 kg/hr 
Calorific Value: 10400 kcal/Nm 3 

Oil Component (Light Oil and Diesel Heavy Oil) 

[0424] 

Production Rate: 320 kg/hr 
Calorific Value: 10,000 kcal/hr 

The distillates are used as the gas turbine fuels. The 
residue is used as the boiler fuels. 

Example E-8 (Visbreaking Method of Fuel Oil C) 

[0425] First, 1000kg/hr of the following heavy oil is 
supplied at a pressure of 20 kg/cm 2 G to a heater. Then, 
the thermal decomposition of the heavy oil is performed 
at a temperature of 500 °C. Subsequently, a side reac- 
tion is stopped by adding quenching oil to the heater. 
Thereafter, the heavy oil is supplied to the bottom part 
of a distilling column, so that a distillate and a residue 
(namely, high-viscosity liquid) at 290 °C are obtained. 

Raw Material Heavy Oil: Fuel Oil C #2 

[0426] 

Flash Point: 80 °C 
Viscosity: 100 cSt(50 °C) 
Sulfur Content: 1 .5 % by weight 
Calorific Value: 9,400 kcal/kg 

Residue 

[0427] 

Production Rate: 670 kg/hr 
Sulfur Content: 2.1 % by weight 
Calorific Value: 9,000 kcal/kg 

Distillates: Oil Component 

Oil Component 

[0428] 

Production Rate: 330 kg/hr 
Specific Gravity: 0.80 (15/4°C) 
Calorific Value: 10,212 kcal/kg 



and the residue is used as the boiler fuel. 

Example E-9 (Atmospheric Pressure Thermal Decom- 
position of Fuel Oil C) 

5 

[0430] First, 1 .000 kg of the following heavy oil was 
performed at a temperature of about 450 °C by putting 
the heavy oil into a flask and then heating the heavy oil 
from the outside. Further, the thermal decomposition of 
10 at the atmosphere pressure was performed in a batch 
manner. As a result, a distillate and a residue (namely, 
high-viscosity liquid) were obtained at a temperature of 
206°C. 

is Raw Material Fuel Oil C (IFO-280 manufactured by Mit- 
subishi Oil Co., Ltd.) 

[0431] 

20 Flash Point: 111 °C 

Viscosity: 278 cSt (50°C) 

Sulfur Content: 2.35 % by weight 

Nitrogen Content: 0.20 % by weight 

Carbon Residue: 8.88 % by weight 
25 Na Content: 1 2.6 ppm by weight 

K Content: 0.1 ppm by weight 

V Content: 32.6 ppm by weight 

Gross Calorific Value: 9800 kcal/kg 

30 Residue 
[0432] 

Production Rate: 0.55 kg 
35 Sulfur Content: 3. 1 % by weight 

Nitrogen Content: 0.34 % by weight 

Carbon Residue: 16 % by weight 

Na Content: 23 ppm by weight 

K Content: 0.2 ppm by weight 
40 V Content: 59 ppm by weight 

Gross Calorific Value: 9,170 kcal/kg 

Distillate: Oil Component 
45 Oil Component 
[0433] 

Production Rate: 0.45 kg 
so Sulfur Content: 1 .4 % by weight 

Nitrogen Content: 0.01 % by weight 

Carbon Residue: 0.07 % by weight 

Na Content: 0.1 ppm by weight 

K Content: 0.1 ppm by weight 
55 V Content: 0.1 ppm by weight 

Gross Calorific Value: 10,570 kcal/kg 



[0429] 



The distillate is used as the gas turbine fuel, 



[0434] The oil component is suited to the gas turbine 
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fuel, and the residue can be used as the boiler fuel. Fur- 
ther, the amount of the oil component and that of the 
residue are commensurate with the amount of the fuel 
for the exhaust gas re-burning combined cycle power 
generation. 

Example E-10 (Atmospheric Pressure Thermal Decom- 
position of Fuel Oil C) 

[0435] Similarly as in the case of Example E-9, the 
thermal decomposition of 1.000 kg of the heavy oil of 
Example E-9 was performed at a temperature of 450 °C 
at the atmospheric pressure in a match manner. As a 
result, a distillate and a residue (namely, a dried-up sub- 
stance) at a temperature of 21 8 °C were obtained. Even 
if the residue is further heated, the amount of the distil- 
late is reduced considerably. 

Residue 

[0436] 

Production Rate: 0.35 kg 
Sulfur Content: 0.7 % by weight 
Nitrogen Content: 0.36 % by weight 
Carton Residue: 1 % by weight 
Na Content: 36 ppm by weight 
K Content: 0.3 ppm by weight 
V Content: 93 ppm by weight 
Gross Calorific Value: 9,130 kcal/kg 

Distillate: Oil Component 

Oil Component 

[0437] 



ble for the exhaust gas re-burning combined cycle 
power generation. 

Example E-11 (Atmospheric Pressure Thermal Decom- 
5 position of Orimulsion) 

[0439] Similarly as in the case of Example E-9, the 
thermal decomposition of 1 .000 kg of the following dried 
orimulsion was performed at a temperature of 450 °C at 
10 the atmospheric pressure in a batch manner. As a 
result, a distillate and a residue (namely, a dried-up sub- 
stance) at a temperature of 282 °C were obtained. 



15 



20 



25 



30 



Raw Material: Orimulsion (Dry Basis) 



[0440] 



35 



Production Rate: 0.65 kg 

Sulfur Content: 1 .4 % by weight 

Nitrogen Content: 0.0 1 % by weight 40 

Carbon Residue: 0.07 % by weight 

Na Content: 0.5 ppm or less by weight 

K Content: 0.5 ppm or less by weight 

V Content: 0.5 ppm or less by weight 

Gross Calorific Value: 1 0,1 60 kcal/kg 45 

[0438] The oil component is suitable for the gas tur- 
bine fuel, and the residue is a dried-up substance. Fur- 
ther, very severe conditions are necessary for obtaining 
more distillate. The cost of equipment therefor becomes so 
excessive. Thus, actually, the amount of the distillate is 
suppressed, namely, the weight of the distillate is limited 
to 60 % by weight or so (namely, to the extent that the 
ratio of the heating values of the distillate to the residue 
is 60 % : 40 %). Thus, the residue can be transported to 55 
the boiler during the residue is in a fluid state. The oil 
component and the residue, the heating-value ratio of 
them being adjusted to an appropriate value, are suita- 



Sulfur Content: 3.51 % by weight 
Nitrogen Content: 0.89 % by weight 
Carbon: 84.9 % by weight 
Na Content: 104 ppm by weight 
K Content: 4 ppm by weight 

V Content: 444 ppm by weight 
Gross Calorific Value: 9,820 kcal/kg 

Residue 

[0441] 

Production Rate: 0.35 kg 
Sulfur Content: 4.9 % by weight 
Nitrogen Content: 1 .9 % by weight 
Carbon: 86 % by weight 
Na Content: 400 ppm by weight 
K Content: 6 ppm by weight 

V Content: 1590 ppm by weight 
Gross Calorific Value: 8,850 kcal/kg 

Distillate: Oil Component 

Oil Component 

[0442] 

Production Rate: 0.65 kg/hr 

Sulfur Content: 2.8 % by weight 

Nitrogen Content: 0.23 % by weight 

Carbon: 84% by weight 

Na Content: 0.1 ppm by weight 

K Content: 0.1 ppm or less by weight 

V Content: 0.3 ppm by weight 
Gross Calorific Value: 10,340 kcal/kg 

[0443] The oil component is suited to the gas turbine 
fuel, and the residue has properties by which the resi- 
due can be used as the boiler fuel. This example reveals 
that there is a limit (for instance, 70 % or so) to the range 
of the heating-value ratio at which the oil suited to the 
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gas turbine can be easily obtained. Further, in this case, 
in view of the extraction of the residue and the efficiency 
of the exhaust gas re-burning, the distillate may be 
extracted at a further lower heating-value ratio. 

5 

Example E-12 (Atmospheric Pressure Thermal Decom- 
position of Fuel Oil C) 

[0444] First, the thermal decomposition of 100,000 
kg/hr of the following heavy oil is performed at a temper- 10 
ature of about 450 °C and at the atmospheric pressure 
by using the apparatus of FIG. 1, so that a distillate and 
a residue (namely, high-viscosity liquid) at a tempera- 
ture of 206 °C are obtained. 

15 

Raw Heavy Material: Fuel Oil C (ISO-280 manufactured 
by Mitsubishi Oil Co., Ltd.) 

[0445] 

20 

FlashPoint: 111 °C 

Viscosity: 278 cSt (50°C) 

Sulfur Content: 2.35 % by weight 

Nitrogen Content: 0.20 % by weight 

Carbon Residue: 8.88 % by weight 25 

Na Content: 12.6 ppm by weight 

K Content: 0.1 ppm by weight 

V Content: 32.6 ppm by weight 
Gross Calorific Value: 9,800 kcal/kg 

30 

Residue 
[0446] 

Production Rate: 58,480 kg 35 

Sulfur Content: 3.1 % by weight 

Nitrogen Content: 0.34 % by weight 

Carbon Residue: 16% by weight 

Na Content: 23 ppm by weight 

K Content: 0.2 ppm by weight 40 

V Content: 59 ppm by weight 
Gross Calorific Value: 9,170 kcal/kg 

Distillate: Oil Component 

45 

Oil Component 
[0447] 

Production Rate: 41 ,520 kg/hr 50 

Sulfur Content: 1 .4 % by weight 

Nitrogen Content: 0.01 % by weight 

Carbon Residue: 0.07 % by weight 

Na Content: 0.5 ppm by weight or less 

K Content: 0.5 ppm by weight or less 55 

V Content: 0.5 ppm by weight or less 
Gross Calorific Value: 10,570 kcal/kg 



[0448] Further, 1 69 MW/hr of electric power is gener- 
ated by supplying 41 ,520 kg/hr of the oil component and 
1,190,000 m 3 /hr of air, which are obtained as above 
described, to the gas turbine. The gas-turbine exhaust 
gas is at a temperature of about 580 °C, contains about 
13 % by volume oxygen, and is supplied to the boiler 
where the remaining component is burned. Thus, 366.6 
MW/hr of electric power can be generated. Conse- 
quently, the thermal efficiency of power generation by 
using the heavy oil according to the present invention is 
47%. 

[0449] On the other hand, in the case of burning the 
heavy oil simply by using a boiler, 455.3 MW/hr of elec- 
tric power can be generated by supplying 1,190,000 
m 3 /hr of air to 100,000 kg/hr of the heavy oil. The ther- 
mal efficiency of power generation in this case is 40%. 
[0450] In the case of this example according to the 
present invention, the power generation can be 
achieved by supplying all of the amount (1,190,000 
m 3 /hr) of air to the gas turbine, or alternatively, by divid- 
ing the amount of air, which is needed for the combus- 
tion in the boiler, into smaller quantities of air and 
supplying the smaller quantities of air to the boiler in 
sequence. 

[0451 ] As can be understood from these examples, it 
is very easy to obtain the distillate as a gas turbine fuel 
for performing the combined cycle power generation 
advantageously. 

[0452] Further, in the case that the volumn of the dis- 
tillate is suppressed and the ratio of the heating values 
of the distillate to the residue is 1 0:90, an increase of the 
efficiency in power generation is small even if the com- 
bined cycle power generation is performed. Thus, there 
is a little merit in providing a facility for the partial 
processing of the fuel. 

[0453] Incidentally, an amount of the distillate can 
increase until the ratio of the heating values of the distil- 
late to the residue is increased to 70:30. However, the 
extraction of the residue becomes more difficult when 
the ratio is more than 60:40. Moreover, the amount of 
oxygen contained in the gas-turbine exhaust gas 
exceeds the necessary quantity thereof for the exhaust 
gas re-burning. Consequently, the exhaust-gas loss 
increases. 

[0454] Sixth, the partial combustion gasification of a 
mixture of coal and heavy oil will be described by show- 
ing the following practical examples hereinbelow. 

Example F-1 

[0455] First, 1 000 kg/hr of the following mixture of coal 
and heavy oil, 800 kg/hr of steam having a temperature 
of 260°C and 735 Nm 3 /hr of oxygen are supplied to the 
gasifier, and subsequently, the partial combustion gasi- 
fication is performed at a temperature of about 1400 °C 
at a pressure of 40 atm by using the apparatus of FIG. 
1 . As a result, a distillate and a residue are obtained. 
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Coal 
[0456] 

Moisture Content: 25 % by weight 
Volatile Matter: 30 % by weight (dry basis) 
Fixed Carbon: 51 % by weight (dry basis) 
Ash: 1 7 % by weight (dry basis) 
Calorific Value: 5780 kcal/kg (dry basis) 

Supply Rate of Coal: 500 kg/hr 

Heavy Oil: Fuel Oil C #2 

[0457] 

Flash Point: 80 °C 
Viscosity: 100 cSt (50°C) 
Sulfur Content: 1 .5 % by weight 
Calorific Value: 9,400 kcal/kg 

Supply Rate of Heavy Oil: 500 kg/hr 

Residue 

[0458] 

Production Rate: 600 kg/hr 
Volatile Matter: 1 % by weight 
Fixed Coal: 67 % by weight 
Ash: 32% by weight 
Calorific Value: 4000 kcal/kg 

Distillates: Gas Component, Oil Component and Water 

Gas Component 

[0459] 

Production Rate: 1600 Nm 3 /hr 
Calorific Value: 2500 kcal/Nm 3 

Oil Component 

[0460] 

Very Little 

Production Rate: 20 kg/hr 
Calorific Value: 9800 kcal/kg 

Water 

[0461] 

Production Rate: 300 kg/hr 

[0462] The obtained distillates are supplied to the gas 
turbine and are burned therein. The gas-turbine exhaust 



10 



15 



20 



gas is supplied to the boiler, is at a temperature of about 
580 °C and contains about 1 3 % by volume oxygen. The 
residue is burned by using this gas. Consequently, the 
thermal efficiency of the combined cycle power genera- 
tion reaches 46 %. 

[0463] On the other hand, all of the amount of the 
boiler-oriented fuel is gasified and then, electric power 
is generated by using the gas turbine. Further, steam is 
generated from the gas-turbine exhaust gas by the heat 
recovery boiler. Further, in the case that the combined 
cycle power generation is performed, the thermal effi- 
ciency is about 46 %. However, in the case of the con- 
ventional apparatus by which all of the amount of the 
fuel is gasified, special gas turbine and boiler systems 
are necessary and thus the building cost of such a con- 
ventional apparatus is high. In contrast, the building cost 
of the apparatus of the present invention is low. In the 
case of modifying the existing facility, the conventional 
boiler can be utilized. Furthermore, the gasification of 
the full amount of the fuel, and the processing or treat- 
ment of ash is difficult. The gas purification should be 
performed at a low temperature. Consequently, heat 
loss is large. 



25 Example F-2 



[0464] Partial combustion gasification of the mixture of 
the coal and the heavy oil is performed by using the 
apparatus of FIG. 2, similarly as in the case of Example 
F-1. As a result, a distillate and a residue are obtained. 
After the distillate is dedusted and desulfurized, the dis- 
tillate is cooled and washed by a liquid component. Fur- 
ther, a water layer is separated therefrom by the 
separating tank. Thus, a gas component and an oil 
component are obtained. 

[0465] The gas component and the oil component are 
supplied to the gas turbine fuel. The residue and the 
separated water layer in the distillate are supplied to the 
boile. Thus, the combined cycle power generation can 
be performed. 
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Example F-3 

[0466] Partial combustion gasification of the mixture of 
the coal and the heavy oil is performed by using the 
apparatus of FIG. 3, similarly as in the case of Example 
F-1 . As a result, a distillate and a residue are obtained. 
After the distillate is dedusted and desulfurized, the dis- 
tillate is cooled and washed by a liquid component. Fur- 
ther, a water layer is separated therefrom by the 
separating tank. Thus, a gas component and an oil 
component are obtained. The oil component is sepa- 
rated into a refined distillate and a residual pitch by dis- 
tillation under reduced pressure. 
[0467] The gas component and the refined distillate 
are used as the gas turbine fuel. The residue, the sepa- 
rated water layer and the residual pitch are used as the 
boiler fuel. Then, these fuels are burned by being sup- 
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plied with air. Sulfur content in each of the gas compo- 
nent and the liquid component is 0.6 % by weight. Each 
of Na content, K content and V content is not more than 
0.5 ppm by weight. Therefore, no corrosion of the tur- 
bine blade occurs. 

Example F-4 

[0468] Partial combustion gasification of the mixture of 
the coal and the heavy oil is performed by using the 
apparatus of FIG. 3, similarly as in the case of Example 
F-1. As a result, a distillate and a residue are obtained. 
After the distillate is dedusted and desulfurized, the dis- 
tillate is cooled and washed by a liquid component. Fur- 
ther, a water layer is separated therefrom by the 
separating tank. Thus, a gas component and an oil 
component are obtained. The oil component is sepa- 
rated into a refined distillate and a residue by distillation 
under reduced pressure. 

[0469] The gas component and the refined distillate 
are used as the gas turbine fuel. The residue, the sepa- 
rated water layer and the residual pitch are used as the 
boiler fuel. Then, these fuels are burned by being sup- 
plied with air. Sulfur content in each of the gas compo- 
nent and the liquid component is 1.0% by weight. Each 
of Na content, K content and V content is not more than 
0.1 ppm by weight. Therefore, no corrosion of the tur- 
bine blade occurs. 

Example F-5 

[0470] The distillate obtained in Example F-1 is sup- 
plied to the gas turbine and is then burned therein by 
using the apparatus of FIG. 1 . The residue is supplied to 
the boiler. The gas-turbine exhaust gas is at a tempera- 
ture of 580 °C. Further, the recovery of heat is per- 
formed by the heat recovery boiler. 

Example F-6 

[0471 ] First, 1 000 kg/hr of the mixture of coal of Exam- 
ple F-1 and heavy oil described below, 500 kg/hr of 
high-pressure vapor (or steam) and 130 Nm 3 /hr of oxy- 
gen are supplied to the flow bed gasifier, and subse- 
quently, the partial combustion gasification of such coal 
is performed at a temperature of about 1 100 °C at a 
pressure of 30 atm by using the apparatus of FIG. 1 . As 
a result, a distillate and a residue are obtained. 

Coal 



Supply Rate of Coal: 400 kg/hr 

Heavy Oil: Iranian Ught Residual Oil under Reduced 
Pressure 

5 

[0473] 

Specific Gravity: 1.01 (15/4°C) 
Viscosity: 100,000 cSt (50°C) 
w Sulfur Content: 3.6 % by weight 

Supply Rate of Heavy Oil: 600 kg/hr 

Residue 



[0472] 



Moisture Content: 25 % by weight 
Volatile Matter: 30 % by weight (dry basis) 
Fixed Carbon: 51 % by weight (dry basis) 
Ash: 17 % by weight (dry basis) 
Calorific Value: 5780 kcal/kg (dry basis) 



15 



[0474] 



Production Rate: 300 kg/hr 
Volatile Matter: 3 % by weight 
20 Fixed Coal : 74 % by weight 
Ash: 23 % by weight 
Calorific Value: 4800 kcal/kg 



25 



30 



Distillates: Gas Component, Oil Component and Water 

Gas Component 

[0475] 

Production Rate: 1500 Nm 3 /hr 
Calorific Value: 2600 kcal/Nm 3 



Oil Component 
35 [0476] 



45 



Production Rate: 80 kg/hr 
Calorific Value: 8000 kcal/kg 



40 Water 



[0477] 



Production Rate: 250 kg/hr 



[0478] The distillates are dedusted and desulfurized, 
and used as the gas turbine fuel by maintaining the high 
temperature and the high pressure thereof. The residue 
is used as the boiler fuel. Thus, the combined cycle 

so power generation is performed. 

[0479] As can be understood from the example, it is 
very easy to obtain these distillates as a gas turbine fuel 
for performing the combined cycle power generation 
advantageously. 

55 [0480] Further, in the case that the volume of the dis- 
tillate is suppressed and the ratio of the heating values 
of the distillate to the residue is 1 0:90, an increase of the 
efficiency of power generation is small even if the com- 
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bined cycle power generation is performed. Thus, there 
is little merit in providing a facility for the partial process- 
ing of the fuel. 

[0481 ] Moreover, although it depends upon the mixing 
ratio of the coal to the heavy oil, an amount of the distil- 5 
late can be increased until the ratio of the heating val- 
ues of the distillate to the residue is increased to 70:30 
or so. However, the extraction of the residue becomes 
more difficult when the ratio is more than 60:40. Fur- 
thermore, the amount of oxygen contained in the gas- 10 
turbine exhaust gas exceeds the necessary quantity 
thereof for the exhaust gas re-burning. Consequently, 
the exhaust-gas loss increases. 
[0482] Seventh, examples using various kinds of the 
boiler-oriented fuels will be described hereinbelow. is 

Example G-1 

[0483] In the apparatus of FIG. 4, 56,000 kg/hr of ker- 
osene, which is excessive in summer season, is used 20 
as the gas-turbine-oriented fuel. Further, 92,800 kg/hr 
of the following heavy oil, which cannot be used as the 
boiler-oriented fuel, is used. 

[0484] The gas-turbine exhaust gas is at a tempera- 
ture of about 580 °C and contains about 13 % by vol- 25 
ume oxygen. The boiler-oriented fuel can be burned by 
using only this exhaust gas. Consequently, the thermal 
efficiency of power generation reaches 46 %. 

Kerosene: #1 so 

[0485] 

Flash Point: 40 °C or higher 

95% Distillation Temperature: 270 °C or lower 35 
Calorific Value: 10,500 kcal/kg (HHV basis) 

Heavy Oil: Iranian Light Residual Oil under Reduced 
Pressure 

40 

[0486] 

Specif ic Gravity: 1.01 (15/4°C) 

Viscosity: 100,000 cSt (50°C) 

Sulfur Content: 3.6 % by weight 45 

Example G-2 

[0487] 9505 kg/hr of Kerosene used in Example G-1 
is employed as the gas-turbine-oriented fuel in the so 
apparatus of FIG. 8 (incidentally, the boiler-oriented fuel 
designated by reference numeral 102 is not employed). 
Further, the low-temperature carbonization of 220,400 
kg/hr of the following dried coal is performed at a tem- 
perature of about 600 °C. As a result, a distillate and 55 
char are obtained. The distillate is cooled and washed 
by a liquid component. Further, a water layer is sepa- 
rated therefrom by the separating tank. Thus, a gas 



component and an oil component are obtained. 
[0488] The oil component is separated into a refined 
distillate and a residual pitch by distillation under 
reduced pressure. 

[0489] The gas component and the refined distillate 
are used as the gas-turbine-oriented fuel, together with 
kerosene. The residue, the separated water layer and 
the residual pitch are supplied to the boiler as the boiler 
fuel, together with coal. Then, these fuels are burned by 
supplying air. Sulfur content in each of the gas compo- 
nent and the liquid component is 0.52 % by weight. 
Each of salt content and V content is 0.5 ppm by weight. 
Therefore, a gas-turbine-oriented fuel can be used in an 
operation for a long time period, for example, 8000 
hours. Moreover, no corrosion of the turbine blade and 
so on occurs 

Raw Material Coal (after dried) 
[0490] 

Moisture Content: 4 % by weight 
Volatile Matter: 31 % by weight 
Fixed Carbon: 50 % by weight 
Ash: 15% by weight 
Calorific Value: 6430 kcal/kg 

Char 

[0491] 

Production Rate: 193,100 kg/hr 
Volatile Matter: 1 1 % by weight 
Fixed Coal: 65 % by weight 
Ash: 24% by weight 
Calorific Value: 6700 kcal/kg 

Gas Component 

[0492] 

Production Rate: 18,000 Nm 3 /hr 
Calorific Value: 7100 kcal/Nm 3 

Oil Component 

[0493] 

Production Rate: 1 1 ,000 kg/hr 
Calorific Value: 91 10 kcal/kg 

Example G-3 

[0494] The apparatus of FIG. 5 is used. Further, 
36,050 kg/hr of the following coal used in Example G-2 
is employed as the boiler-oriented fuel. Moreover, 
135,800 kg/hr of the following heavy oil is used as the 
boiler-oriented fuel for thermal decomposition. 
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[0495] The heavy oil is supplied to a heating furnace 
during pressurized. Then, the thermal decomposition of 
the heavy oil is performed at a temperature of 500 °C. 
Subsequently, a side reaction is stopped by adding 
quenching oil to the heating furnace. Thereafter, the 
heavy oil is supplied to the bottom part of a distilling col- 
umn, and a distillate and a residue are obtained. 
[0496] The distillate is desulfurized and is used as a 
gas-turbine-oriented fuel while keeping a high tempera- 
ture and a high pressure. The remaining component 
may be used as a boiler fuel together with coal. 

Raw Material Heavy Oil: Iranian Light Residual Oil 
under Reduced Pressure 

[0497] 

Specif ic Gravity: 1.01 (15/4°C) 
Viscosity: 100,000 cSt (50 °C) 
Sulfur content: 3.6 % by weight 

Residue 

[0498] 

Production Rate: 75,369 kg/hr 
Specific Gravity: 1.03 (15/4°C) 
Viscosity: 45,000 cSt (50 °C) 
Sulfur Content: 3.9 % by weight 
Percentage Content of Materials 
Having High Boiling Point 
£350°C): 78.5% by weight 
Calorific Value: 9000 kcal/kg 

Distillates: Gas Component and Oil Component 

Gas Component 

[0499] 

Production Rate: 5,433 Nm 3 /hr 
Calorific Value: 10,125 kcal/Nm 3 

Oil Component 

[0500] 

Production Rate: 54,320 kg/hr 
Calorific Value: 10,000 kcal/kg 

Example G-4 (Utilizing Coal, Thermal Decomposition of 
Heavy Oil, and Kerosene) 

[0501] The apparatus of FIG. 6 is used. Further, 
15,500 kg/hr of kerosene used in Example G-1 is 
employed as the gas-turbine-oriented fuel, and 100,000 
kg/hr of coal used in Example G-2 is employed as the 
boiler-oriented fuel. Moreover, 99,520 kg/hr of the 



heavy oil is used as the boiler-oriented fuel for thermal 
decomposition. 

[0502] The gas-turbine exhaust gas is at a tempera- 
ture of about 580 °C and contains about 13 % by vol- 
5 ume of oxygen. The residue and the boiler-oriented fuel 
can be burned by using only this exhaust gas. Conse- 
quently, the thermal efficiency of power generation 
reaches 46 %. 

10 Example H-1 (Combined Cycle Power Generation Per- 
formed by Power Generation Apparatus Placed in Jux- 
taposition with Oil Refining Plant) 

[0503] The power generation apparatus of FIG. 4 is 
is placed in juxtaposition with an oil refining plant which 
uses 15,900 W/day (13,674 t/day) of crude oil as a raw 
material. 

[0504] The crude is completely treated. The following 
products are obtained from the oil refining plant. 

20 

Gas: 250,000 Nm 3 /day 
LPG:450Vday 

Petrochemical Naphtha: 680 t/day 
Gasoline: 2,750 t/day 
25 Jet Fuel: 700 t/day 

Kerosene: 1,350 t/day 
Diesel Light Oil: 2,300 t/day 
Sum of Fuel Oil A, B and C: 3,000 t/day 
Residual Oil under Reduced Pressure: 1,500 t/day 
30 Asphalt: 300 t/day 

Petroleum Coke and Pitch: 400 t/day 

[0505] Among these products, 41 .9 t/hr of the diesel 
light oil is supplied to the gas turbine as the gas-turbine- 
35 oriented oil. Further, 86 t/hr of the residual oil under 
reduced pressure is supplied to the boiler as the boiler- 
oriented oil. 

[0506] The gas turbine exhaust gas is at a tempera- 
ture of about 580 °C and contains about 13 % by vol- 
40 ume of oxygen. The boiler-oriented fuel can be burned 
by using only this exhaust gas. As a result, the thermal 
efficiency of power generation reaches 46 % (net ther- 
mal efficiency). 

[0507] Consequently, the diesel light oil and the resid- 
45 ual oil under reduced pressure can be converted into 
electric power without newly establishing a partial 
processing facility and without transporting the oil to an 
electric power company. 

so Example H-2 (Combined Cycle Power Generation Per- 
formed by Power Generation Apparatus 

[0508] Placed in Juxtaposition with Steelmaking 
Plant) The power generation apparatus of FIG. 4 is 
55 placed in juxtaposition with a steelmaking plant. 

[0509] Koppers coke oven is placed in the steelmak- 
ing plant. Thus, bituminous coal is completely decom- 
posed to thereby produce coke and coke oven gas. 
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Supply Rate of Coal: 200 t/hr 
Production Rate of Coke: 146 t/hr 
[0510] 

By-product Amount of Coke Oven Gas: 6,200 
NnrrVhr 

Composition of Coke Oven Gas: 56 % by volume of 
hydrogen, 27 % by volume of methane, 7 % by vol- 
ume of carbon monoxide, 3 % by volume of hydro- 
carbon and other non-combustible gas 
components. 

Calorific Value of Coke Oven Gas: 4,450 kcal/Nm 3 

[051 1 ] Iron or steel is manufactured by supplying the 
aforementioned coke to a blast furnace. 
[0512] The following blast furnace gas is generated 
from the blast furnace, and thus can be supplied to the 
gas turbine. 

[051 3] Composition of Blast Furnace Gas : 3 % by vol- 
ume of hydrogen, 24 % by volume of carbon monoxide 
and other kinds of non-flammable gas components. 
[0514] Calorific Value of Blast Furnace Gas: 800 
kcal/Nm 3 

[051 5] Hereinafter, the case of using a coke oven gas 
will be described. 

[051 6] Full amount of the coke oven gas is supplied to 
the gas turbine as the gas-turbine-oriented fuel. Moreo- 
ver, 85.2 t/hr of pulverized coal produced in the process 
of manufacturing coke, and, if necessary, together with 
coal for coal-making are supplied to the boiler as the 
boiler-oriented fuel. 

[0517] The gas-turbine exhaust gas is at a tempera- 
ture of about 580 °C and contains about 13 % by vol- 
ume of oxygen. The boiler-oriented fuel can be burned 
by using only this exhaust gas. As a result, the thermal 
efficiency of power generation reaches 45 % (net ther- 
mal efficiency). 

[0518] Consequently, the electric power can be effi- 
ciently obtained from a coke oven gas and pulverized 
coal without newly establishing a partial processing 
facility. 

Example H-3 (Combined Cycle Power Generation Per- 
formed by Power Generation Apparatus Placed in Jux- 
taposition with Chemical Plant) 

[0519] The power generation apparatus of FIG. 4 is 
placed in juxtaposition with a chemical plant which 
includes a naphtha-cracking plant, a general-purpose 
resin plant and a chemical product plant. 
[0520] Naphtha is supplied to the naphtha-cracking 
plant, and the naphtha-cracking of the naphtha is com- 
pletely achieved. 

Rate of Treating Naphtha: 1,000,000 t/year 
Production Rate of Ethylene: 350,000 t/year 
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Production Rate of Propylene: 170,000 t/year 
Production Rate of Benzene: 56,000 t/year 

Production Rate of Off-Gas 

5 

[0521] 

Production Rate in Terms of Methane: 87,000 t/year 
Calorific Value in Terms of Methane: 13,300 kcal/kg 
10 Production Rate of Fuel Oil and Tar: 39,500 t/year 
Calorific Value of Fuel Oil and Tar: 10,500 kcal/kg 
Production Rate of Unrecyclable Resin: 55,000 
t/year 

Calorific Value of Unrecyclable Resin: 9,300 kcal/kg 
15 Production Rate of Chemical Tar-like Product: 
21,000 t/year 

Calorific Value of Chemical Tar-like Product: 4,800 
kcal/kg 

20 [0522] Currently, an off-gas exhausted from the naph- 
tha-cracking plant, tar-like substances exhausted from 
the naphtha-cracking plant and various resin plants, 
unrecyclable resins such as atactic polymers, washed 
polymers at the time of changing brands and nonstand- 

25 ardized resins are burned by the boiler. Then, steam is 
generated, and electric power is generated. At that time, 
the thermal efficiency of power generation is 39 % (net 
thermal efficiency). 

[0523] Further, the combined cycle power generation 
30 is performed by using an off-gas, which has been hith- 
erto supplied to the boiler as a combustion gas, as a 
gas-turbine-oriented fuel, and using fuel oil and tar, 
unrecyclable resins and chemical tar-like substances as 
the boiler-oriented fuel. Moreover, a gas-turbine 
35 exhaust gas is supplied to the boiler, and the boiler-ori- 
ented fuel is burned therein. Consequently, the thermal 
efficiency of power generation reaches 46 % (net ther- 
mal efficiency). 

[0524] Consequently, electric power can be efficiently 
40 obtained in a chemical plant without newly establishing 
a partial processing facility, by supplying an off-gas, 
which is exhausted from a naphtha-cracking plant, to 
the gas turbine, and supplying tar-like emission matter, 
unrecyclable resins and tar-like chemical substances, 
45 which are exhausted from the naphtha cracking plant 
and various resin plants, to the boiler. Further, if neces- 
sary, the obtained electric power can be sold to an elec- 
tric power company. 

so Claims 

1. A power generation method comprising the steps 
of: 

55 separating a boiler-oriented fuel (F) into a distil- 

late (D) and a residue (R) by performing partial 
processing of the boiler-oriented fuel (F); 
adopting either a fuel for a gas turbine (G) 
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obtained from the distillate (D) singly, or a mix- 
ture of the fuel for a gas turbine (G) and a gas- 
turbine-oriented fuel (G) as a gas turbine fuel 
(A); 

adopting either the residue (R) singly, or a mix- 
ture of the residue (R) and at least one chosen 
from a group consisting of a boiler-oriented fuel 
(F) and another kind of a boiler-oriented fuel 
(F) as a boiler fuel (B); 

generating electric power bu driving a steam 
turbine which is driven by burning the gas tur- 
bine fuel (A) in the gas turbine; and 
generating electric power by driving a steam 
turbine which is driven by steam produced by 
burning the boiler fuel (B) in a boiler. 

2. The power generation method according to daim 1 , 
wherein the boiler fuel (B) is burned again by sup- 
plying a gas-turbine exhaust gas to the boiler. 

3. The power generation method according to claim 1 . 
wherein steam for generating power is produced by 
supplying a gas-turbine exhaust gas to a heat 
recovery boiler, and wherein the boiler fuel (B) is 
burned again by supplying an exhaust gas dis- 
charged from the heat recovery boiler to the boiler. 

4. The power generation method according to one of 
claims 1 to 3, wherein the partial processing is par- 
tial separation processing which comprises at least 
one selected from a group consisting of topping, 
flushing, distillation, extraction and decantation. 

5. The power generation method according to one of 
claims 1 to 3, wherein the partial processing is par- 
tial decomposition processing which comprises at 
least one selected from a group consisting of ther- 
mal decomposition, carbonization, water-gas gasifi- 
cation, combustion-gas gasification, hydrogenation 
and microwave irradiation. 

6. The power generation method according to claim 4 
or 5, wherein the partial processing is performed at 
a temperature in a range of 250 °C to 500 °C. 

7. The power generation method according to one of 
claims 1 to 6, wherein the ratio of the heat quantity 
of the distillate (D) to the residue (R) is 20-60 % to 
80-40%. 

8. The power generation method according to one of 
claims 1 to 7, wherein at least a gas component (V) 
and an oil component (O) are separated from the 
distillate (D), and wherein the gas component (V), 
the oil component (O) or both of the gas component 
(V) and the oil component (O) is used as the fuel for 
a gasturbine (G). 
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9. The power generation method according to claim 8, 
wherein the oil component (0) is separated into a 
refined distillate (C) and a distilled residue (R 1 ) by 
distilling the oil component (0), wherein the refined 

5 distillate (C) is used as the fuel for a gas turbine (G), 
and wherein the distilled residue (R*) is used in the 
boiler. 

10. The power generation method according to claim 8 
10 or 9, wherein the gas turbine fuel (A) contains 

sodium, potassium and vanadium, the total weight 
ratio of sodium and potassium being not more than 
0.5 ppm, and the weight ratio of vanadium being not 
more than 0.5 . 

15 

1 1 . The power generation method according to claim 8 
or 9, wherein the gas component (V) is burned by a 
gas turbine for burning gas, and wherein the oil 
component (0) or the refined distillate (C) is burned 

20 by a gas turbine for burning oil. 

12. A power generation apparatus comprising: 

partial processing means for separating a 
25 boiler-oriented fuel (F) into a distillate (D) and a 

residue (R) by performing partial processing of 
the boiler-oriented fuel (F); 
a gas turbine to be driven by burning the gas 
turbine fuel (A) which is either a fuel for a gas 
30 turbine (G) obtained from the distillate (D) sin- 

gly, or a mixture of the fuel for a gas turbine (G) 
and a gas-turbine-oriented fuel (G 1 ); 
a power generator for the gas tuibine which 
generates electric power by driving the gas tur- 
35 bine; 

a boiler for generating steam by burning the 
boiler fuel (B) which is either the residue (R) 
singly, or a mixture of the residue (R) and at 
least one chosen from the group consisting of a 
40 boiler-oriented fuel (F) and another kind of a 

boiler-oriented fuel (F'); 
a steam turbine to be driven by the steam dis- 
charged from the boiler; and 
a power generator for the steam turbine which 
45 generates electric power by driving the steam 

turbine. 

1 3. The power generation apparatus according to claim 
12, which further comprises an exhaust gas supply- 

so ing means for supplying the exhaust gas dis- 
charged from the gas turbine to the boiler. 

14. The power generation apparatus according to claim 
12, which further comprises: 

55 

a heat recovery boiler into which the exhaust 
gas discharged from the gas turbine is intro- 
duced to generate steam for generating power; 
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and 

an exhaust gas supplying means for supplying 
the exhaust gas discharged from the heat 
recovery boiler to the boiler. 

5 

15. A power generation method comprising the steps 
of: 

placing first and second power generation 
apparatuses in juxtaposition with a facility from 10 
which a gas-turbine-oriented fuel and a boiler- 
oriented fuel can be supplied; 
supplying the gas-turbine-oriented fuel to a gas 
turbine in the first power generation apparatus 
and then burning the gas-turbine-oriented fuel is 
therein; 

generating electric power by driving the gas 
turbine in the first power generation apparatus 
by using a combustion gas for driving which is 
generated by burning the gas-turbine-oriented 20 
fuel; 

supplying the boiler-oriented fuel to the boiler 
in the second power generation apparatus, and 
burning the boiler-oriented fuel therein by using 
an exhaust gas discharged from the gas tur- 25 
bine; and 

generating electric power by driving a steam 
turbine in the second power generation appa- 
ratus which is driven by steam generated by 
burning the boiler-oriented fuel. 30 

16. The power generation method according to claim 
15, wherein the facility is at least one which is 
selected from a group consisting of an oil purifica- 
tion plant, a steeimaking plant and a chemical plant. 35 
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